Office europeen des brevets 



O Publication number: 0 492 591 A1 



EUROPEAN PATENT APPLICATION 



^1 



^ Appiicauon number: 91122145.5 
@ Date of rliing: 12.10.87 



© Int. ci> B60R 1/08, G02F 1153 



This application was filed on 23 • 12 - i99i as a 
oivrsionai application to the application 
mentioned under INID code 60. 

® Prionty: 06.04.87 US 34913 

© Date of publication of application: 
01.07.92 Bulletin 92/27 

® Publication number of the earlier application in 
accoraance with Art. 76 EPC: 0 285 724 

0 Designated Contracting State??: 
DE FR GB IT SE 



© Applicant:. GENTEX CORPORATION 
10985, Chicago Drive 
Zeeland Michigan 49464(US) 

© Inventor: Bechtel, Jon H. 
138 Sunrise Drive 
Holland, Michigan 49423(US) 
Inventor: Byker, Harlan J. 
1210 Birdie Lane 
Holland, Michigan 49423(US) 



0 Representative: Williams, Trevor John 

J.A. KEMP & CO. 14 South Square Gray's Inn 
London WC1R 5LX(GB) 



® Improved automotive rearvlew mirror system for automotive vehicles. 



@ An imoroved automatic rearview mirror system which is" particularly adapted for use with automotive vehicles 
and which may be utilized as a fully integrated inside/outside rearview mirror system or as an inside or an 
outside rearview mirror system. The system includes a variable reflectance member (5) the reflectivity of which 
varies as a function of an electrical signal applied thereto, and the system also incluoes improved means 
(18.19.20.21.22) operable to apply an electrical signal to the variable reflectance member to vary the reflectivity 
of such member as a function of sensed ambient light and sensed glare causing iight. 
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This invention rebates to rear/iew mirrors for automotive vehicles and. more pancjiany. to an .mcrc-v-- 
automatic rearview mirror system for automotive veriic.'es. \. " ■-•^ -j 

Hereiotore. many automatic rearview mirrors for automotive vehicles have be=n .-»vi«ed 'vhirh -„■-. 
maticaily transfer from the full reflectance mode (day) to the oanial reflectance mcde Tn.ght) W Xra 
protection purposes from light emanating from the heaclignts of ven.cles acorcaching from r-e rear =uch 
automatic rearview mirrors have become increasingly sophisticated ever the years ana :he aut.-r^^a-ic 
rear/iew m.rrcr for automotive vehicles disclosed in U. S. Patent l^o. 4.443.057. issued Acni I7 1034 'cr 
Automatic Rearview Mirror for Automotive Vehicles, and assigned to tile assignee of the oresent :nv=n[lcn 
IS typical or such sophisticated automatic rearview mirrors. An improved electronic control =v'tem for 
automatic rearview mirrors is disclosed in U. S. A - 4.580.875.. The present invention prpvices an '.mcrcveo 
automatic rearview mirror system for automotive vehicles, such system incorooratmg imoroveo .-^eans for 
overcoming deficiencies in prior automatic rean/iew mirrors of -he indicated character. It w,ii =1^0 
understooo. however, that the present invention is also applicable to other uses. 

In general, the automatic rear/iew mirrors disclosed in U. S. Patent Nos. 4.443,057 and 4 580 875 utili-=> 
a pnsm type reflective element which is substantially identical to the crism tvpe reflective elements u^iii^^a 
in manually (hand) operated day-night mirrors conventionally proviaed on modern aay automociie- The 
automatic rean/.ew mirrors disclosed in said prior patents automaticallv resoond to annoying glare ^r.~,m -r- 
rear of the vehicle and automatically shift to the partial or low reflectance mode. After rhe sourc= of -he 
annoying glare is removed, the automatic rearview mirrors return to the full or high r=iiec'anc= mcce 
without requiring any action on the part of the driver of the vehicle during any portion of the ryn^ -he 
power required being drawn either from the vehicle's electrical system or from a self contained banery" ' 

As previously mentioned, in the past, many automatic mirrors have been devised for :he -urpose of 
automatically shifting the reflective element incorporated therein between the full reflectance and oartial 
reflectance modes. However, proper control of an automatic rearview mirror is a comolex rask and there 
has been a progression in the prior art. With respect to the means for sensing glare' conditions in -ariy 
attempts to make automatic rean/iew mirrors, a single rear facing sensor was utilized. Sucn sensor ^en-ed 
the glare producing light level impinging on the mirror from the rear, and such mirrors locked .n .he 
nonglare position curing the day and required constant readjustment to prevent latch uo or undesiraoly high 
sensitivity as the driver encountered brighter lights in city or town driving. As a first imorovement a -eccnd 
sensor was added to sense the ambient light level and to hold the mirror in a normal position ounng rhe 
oay. In most of the control circuits for such two sensor mirrors, the sensitivity of the mirror was reduc-d as 
ambient light levels approached daylight levels until the ambient light reached a level above which the 
mirror remained in the nonglare position. This feature was refined so that the sensitivity of the mirror was 
referenced to the instantaneous ambient light level during nighttime driving. However, both ambient and 
glare producing light levels are quite erratic since headlight beams which are momentarily blocked or which 
suddenly sweep into position cause erratic glare. Moreover, streetlamps, lighted roaoside signs and 
Headlights of oncoming vehicles are erratic sources of ambient light. Thus, mirror ooeration of such prior art 
mirrors remained erratic in the face of these conditions. Moreover, the problem was comppunded by 
making the glare threshold dependent on the erratic instantaneous light level. In an effort to overcome such 
problems, attempts were made to introduce time delays and to filter the combined ambient and glare 
producing light levels. However, none of these minor improvements to the prior art mirrors resulted in a 
commercially successful product since the added nuisance effects of the second sensor more than offcet its 
aovantages with the result that the two-sensor circuits were often less desirable than the single-sensor 
circuits. ^ 

The first commercially successful automatic rearview mirror for automotive vehicles was disclosed in U 
S. Patent No. 4.443.057. The automatic mirror disclosed in U. S. Patent No. 4.443,057 constituted a maior 
advance ,n the utilization of ambient light level and the electrical control circuitry for such mirror included 
fooA/ard sensor filtering means characterized by having a long time response and having a smoothing time 
averaged effect on the fon/vard electrical signal generated by the forward facing sensor means and 
indicative of the forward light level. The long, smoothed time average of the ambient light level rather than 
the ambient light level itself, was then compared with the glare producing light level to determine the glare 
threshold of the mirror. Use of the long, smoothed time average of the ambient light level, instead of the 
instantaneous ambient light level, reduced and all but eliminated the effect of the erratic fluctuation of the 
ambient light level. A second important benefit of this long, smoothed time average is that it responds >o 
ambient light level in much the same way as the human eye responds. In addition, m the automatic 
rearview m.rror disclosed in U. S. Patent No. 4,443,057. a shorter time average, which coes not prevent 
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raoiG response of the mirror -.o strong giare. is ootionaily acptieo to tne giare procucing ,icnt eve: 
measurement. This snorrer rime average may ce applied incepencentiy to the measurement of :'r.e c-are 
prccucing iight level or it may be applied to some combination of the long, smoothec time averace -f -re 
amoient lignt level measurement and the giare producing light level measurement, the reasor;.for this cctic-n 
5 being that the effect of another shoa time average on the iong. smoothed average of the am.oient iignt -s 
minimal. The short time average aoplied so as to mciude the glare producing light level is not nearly as 
beneficial to mirror performance as the long, smoothed time average which ts applied to the ambient 'ignt 
ievei. it is therefore an optional feature of the circuitry aisciosed in U. S. Patent No. 4.443.057. The mam 
benefit of the shoa time average of the signal which inciuces the glare proaucing light level is that ^t 
:o prevents some nuisance actuations of the mirror from outside tights ana the iike. The commercial prccuc: 
which utilizes the long, smoothed average of the ambient light level also has a day cetect circuit wmch 
inhibits traverse of the mirror to the nongiare position whenever the instantaneous light level exceecs a 
predetermineo value. However, operation of this feature is independent of the giare producing tight level. As 
previously mentioned, the use of the iong, smoothed time average of the amoient light levei resulted m a 

J5 commercially successful product, the mechanical structure and the electronic circuitry of such prccuc: 
being disclosed in U. S. Patent No. 4.443.057. The electronic control system disclosed in U. S. Patent No. 
4,580.875 constituted an improvement over the circuitry disclosed in U. S. Patent No. 4,443,057. 

Automatic rearview mirrors with the long, smoothed time average of the ambient light level measure- 
ment adapt well to varied driving conditions and have very desirable performance in most Highway anc 

20 small town driving situations. In light traffic situations, it is desirable for the mirror to traverse to the nongiare 
position even when glare only causes miid discomfoa. First, giare is most annoying and cisaciing when 
ambient light levels are low and when brighter lights from other vehicles. are freouently encounterea. 
Second, in light traffic, it is not normally necessary for the driver to see as much detail in the mirror as in 
heavy traffic. The view provided by the mirror in either the normal position or in the nongiare position is 

25 usually satisfactory. Consequently, the mirror preferably should be m the more comfoaable nongiare 
position whenever there is glare. Accordingly, such a mirror performs very well in nearly ail light traffic 
conditions. However, in spite of the generally excellent perforrnance of the mirror just cescribed. it may 
become too active or too sensitive in some situations, particularly in heavy traffic situations, in heavy traffic 
situations there are a number of reasons for reducing the sensitivity of the mirror below the level .normally 

30 programmed for the prevailing time averaged ambient light level. First, the ambient light ievei is not hiahiy 
correlated with traffic density. Bright streetlights are the source of the highest ambient light level which ts 
normally encountereo in night dnving. A lightly traveled but brightly lignted street has a high ambient light 
level. A heavily traveled but dimly lighted street has a moderate ambient light level. 

Second, the added visibility, particularly the greatly added depth perception which normally accom- 

35 panies the brighter image, is needed by the driver. Third, the dnver is exposed to enough brighter lights 
from headlamps and perhaps from streetlamps that glare is not so annoying or disabling. Fourth, more than 
one set of headlights are often visible in the mirror at the same time. The driver tends to be bothered by the 
brightest lights while the mirror sensor measures the combined lignt level of light striking the mirror from 
angles that are generally in the driver's field of view. The effect is to increase the apparent sensitivity of the 

40 mirror when several sets of headlights contribute to the glare. Fifth, heavy traffic and a few other conditions 
such as winding or hilly roads, are usually accompanied by very erratic sources of glare. Automobiles 
change lanes and make turns, and since only strong glare is normally a problem, an automobile may only 
momentarily be close enough for the glare to be a problem. The result is that the mirror is often undesirably 
active in very heavy traffic conditions. 

■^5 U. S. Patent No. 4.580.875 disclosed means for improving the performance of automatic rearview 
mirrors so that in the great majority of driving situations, including heavy traffic situations, the sensitivity is 
maintained at an adequately low level and the mirror is not allowed to become too active. Thus, the 
improved electronic control system disclosed in U. S. Patent No. 4.580.875 reduced the sensitivity of the 
mirror when a driver encountered a situation which requires better visibility or reduced activity of the mirror; 

50 monitored fluctuations in, and the values of, the measured light levels so as to approximately indicate 
conditions where traffic is heavy or where the mirror would normally be overly active; and reduced the 
sensitivity of the mirror to a value which is lower than the sensitivity would normally be. The glare threshold 
was thus determined as a function of the ambient light level, of a long, smoothed time average of the 
ambient tight level, of a short, smoothed time average of the glare producing tight level, and of the recent 

55 activity of the mirror. 

The mirrors disclosed in U. S. Patent Nos. 4.443.057 and 4.580.875 change reflectance by automati- 
cally indexing a two position prism mirror element between its high and its low reflectance positions. While 
the two position prism mirror performs well as an inside rearview mirror there are technical limitations which 
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comoietely exclude us use as an outside mirror. The utiiizaiion of the iwo position crtsrr. :r. an ;nsjce 
autcrr.atic mtrror is also suoject ro oeiicienaes because of the noise and mechanical vibrancn associa-ec 
with T:e automatic mcexinc mechanism. Motors, solenoids and the like usea :o incex seen a rrurror Ze 
ncrmally notsy and the pivots and the aacea weight of the indexing mechanism maxe it cifficui'^to <eep the 
5 mirror from vibrating, runhermore. the r.vo position prism is strictly a dual reflectance aevtce .vhicn allows 
no ootion for a continuously variable reflectance or for intermediate reflectance states. Excenence witn 
mirror eiements which nave controlled intermeciate reflectance leveis quickly reveals tr.at a cuai reflectance 
mirror is highly inacequate. 

Improvements have been made with liquid crystal type mirrors but limitations stiil remain. For example. 
:o most liquid crystal mirrors reflect less than half as much light as co the two position orism mirrcrs when :ne 
mirrors are in their bnght states. The dim images of most liquid crystal mirrors are oniy three to five times 
dimmer than their bnght images. In companson. the dim images of two position pnsm mirrors are 
approximately twenty times dimmer than their bright images. At low temperatures, most iicuio crystal 
mirrors do not dim properly because most freeze and cloud so as to be totally unusable until they thaw. 
?5 Funhermore. circuit or power failures cause most liquid crystal mirrors to go to the oim state creating a 
safety hazard. With respect to other known prior art devices, prior electrochromic aevices have performed 
relatively well but have suffered from limited cycle life, from extremely slow speed in changing-reflectance. 
ana from failure of the mirror control circuit to properly utilize the slower speed of mirror operation. 

The automatically indexed vm position prism mirror referred to above changes from dim to bright or 
20 from bright to dim in about one third of a second. Under most driving conditions, the light levels sensea by 
the mirror are quite erratic. If the transitions of the mirror were not limited in some way. -here would be 
many driving conditions where the mirror would change almost continuously between its dim ana bricht 
states. This constant changing would be annoying and disorienting to the driver thereby making the mirror 
almost unusable and at the same time pose a serious safety problem. In oraer to avoia the annoying 
25 frequent transitions, the two position mirror delays for abc-t eight seconds after the glare suosiaes before 
returning from the dim. nonglare position to the normal, bright position. Thus, any complete cycle of the 
mirror includes a minimum of eight seconds in the dim, nonglare position. This minimum dweil time in the 
nonglare position limits the rate at which the mirror can traverse between its two states, ana this delay 
feature requires the incorporation of additional components in the circuit. Moreover, the delay circuit alone 
30 does not adequately limit transitions of the mirror and the additional stabilizing circuit of U. S. Patent No. 
4.580.375 is also preferably used in the control circuit for the two position prism mirror. 

The electrochromic mirror disclosed in the copending application of Harlan J. Byker. Senal No. 346.354. 
filed March 31, 1986. for Single-Compartment. Self-Erasing. Solution-Phase Electrochromic Devices. Solu- 
tions For Use Therein, and Uses Thereof, and assigned to the assignee of the present invention, overcomes 
J5 many of the limitations stated above for the two position prism and liquid crystal mirrors and has an- 
excellent cycle life and relatively rapid response in going from the bright to the dim state. Accordingly, 
electrochromic mirrors of the type disclosed in copending application Serial No. 846.354 are incorporated in 
the preferred embodiments of the present invention. Such .electrochromic mirrors dim substantially m one to 
three seconds and clear substantially in. five to ten seconds under the control of the control circuits 
^0 embodying the present invention which enable the electrochromic mirrors to be successfully utilized in an 
automotive vehicle glare control system. It will be understood, however, that many of the control circuit 
features are also applicable to the control of other types of mirrors. 

An object of the present invention is to overcome disadvantages in prior automatic rearview mirrors of 
the indicated character and to provide an improved automatic rearview mirror system for automotive 
^5 vehicles, which system may be utilized as a fully integrated inside/outside rean/iew mirror system or as an 
inside or an outside rearview mirror system and which incorporates improved means preventing the abrupt 
and erratic changes in reflectance levels which are associated with most prior variable reflectance mirrors. 

Another object of the present invention is to provide an improved automatic rearview mirror system 
incorporating improved control circuitry whereby continuous change In the reflectivity of the mirror provides 
50 continuously variable reflectance for various embodiments of the invention. 

Another object of the present invention is to provide an improved automatic rearview mirror system for 
automotive vehicles which minimizes glare that the vehicle driver sees under various driving conditions 
while keeping the reflectivity of the mirror sufficiently high to maintain good visibility. 

Another object of the present invention is to provide an improved automatic rearview mirror system for 
55 automotive vehicles wherein glare is sensed after attenuation in the mirror thereby improving the accuracy 
of the reflectance control and reducing the range of glare causing light level signals to which the system 
must respond. 

Another object of the present invention is to provide an improved automatic rearview mirror system for 
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automotive vemcies mccrcoraimg improvea means which ailow the glare causing iignt tnresr.cic 'o 
increasea more rapidly with increases tn the ambient hght reference level. 

Another object of the present invention is to provide an improved automatic rearview mirror system :cr 
automotive venicies incorporating an eiectrochromic mirror effective to dramaticaiiy reduoe -giare from 
5 foHcwing headlights thereby im.proving nighttime driving safety and comfort. 

Another object of the oresent invention is to provide an improved automatic rean/iew mirror system for 
automotive vehicles which eliminates mirror movement and vibrations and which may gradually carken :n 
multiple increments as opposed to a two-step process. 

Still another object of the present invention is to provide an improvea automatic rearview mirror system 
;o for automotive vehicles wherein the amount of dimming of the mirror cepencs upon the amount of ciare the 
driver experiences. 

Yet another object of the present invention is to provide an improved automatic rear/iew mirror system 
for automotive vehicles wherein both the inside and the outside rean/iew mirrors change reflectance mcces 
Simultaneously. 

'5 The above as well as other objects and advantages of the present invention will become apparent rrom 
the following description, the appended claims and the accompanying drawings. 

Brief Description of the Drawings 

20 Figure l is a simplified cross-sectional eievational view of an eiectrochromic mirror, showing the same :n 
position for viewing by the driver of an automotive vehicle: * 

Figure la is an eievational view of a prism type eiectrochromic mirror similar to the mirror illustratea m 
Figure 1 . showing the same in position for viewing by the driver of an automotive vehicle: 
Figure 2 is a schematic electrical diagram of an automatic rearview mirror system embodying -he 
25 present invention; 

Figure 3 is a schematic block diagram of the automatic rearview mirror system illustrated in Figure 2. 
and showing the components incorporated in various sections of the system; 

Figure 4 is a perspective view of an automatic rearview mirror system embodying the present invention, 
and showing an inside mirror installed on the windshield of a vehicle and two outside rear/iew mirrors 
30 installed on the outside of the vehicle in a conventional manner whereby each of the mirrors faces 
rearwardly of the vehicle in a conventional manner; 

Figure 5 is a cnart showing the relationship of the glare threshold in footcandles with respect \q the 
ambient light reference in footcandles; 

Figure 6 is a simplified, generalized block diagram of the system as illustrated in Figure 10. and showing 
35 the components incorporated in various sections of the system; 

Figure 7 is a schematic diagram of another embodiment of the invention; 

Figure 8 is a schematic diagram of another embodiment of the invention; 

Figure 9 is a schematic diagram of another embodiment of the invention; 

Figure 10 is a schematic electrical diagram of another embodiment of the invention; 
JO Figure 11 is a schematic electrical circuit diagram of still another embodiment of the invention; 

Figure 12 is a schematic block diagram of the embodiment of the invention illustrated in Figure 1 1. and 

also showing the components incorporated in various sections of this embodiment of the invention. 

Figure 13 is a family of curves showing mirror reflectance in percent versus glare-causing light level for 

six different ambient (front) light levels. 
J5 Figure 14 is a composite of three plots of mirror reflectance and of the level of the reflected light which 

the driver sees. 

Figure 15 is a plot similar in form to the plots of Figure 14. mirror reflectance and the level of the 
reflected light which the driver sees being shown using the circuit of Figure 11, the mirror of Figure i 
and the through the layer sensor configuration of Figure 5; and 
50 Figure 16 is a plot similar to Figure 15 except that the threshold point 1204A is somewhat different than 
the corresponding threshold point 1104A of Figure 15. 

Detailed Description 

55 In general, in automatic rearview mirror systems embodying the present invention, both the inside and 
the outside rean/iew mirrors are comprised of a thin chemical layer sandwiched between two glass 
elements. As the chemical layer is electrically energized, it darkens and begins to absorb tight. The higher 
the voltage, the oarker the mirror becomes. When the electrical voltage is removed, the mirror returns to its 
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clear state. Automatic rearv.ew mrrror systems embodying ihe present .nvention ai=o nc-rpcr^'e 1.-= 
sensing asectromc circuitry which ,s effective to sw,icn the m.rrors to the nighnime moce wnen'nar^",^ 
oetectea. However, there .s no giass movement, and the change is more subtle than me r.-,a-'.-». ,n 
conventional pnsm type mirrors. In systems embodying the present invention, the sandwiched r.nemirai 
5 layer is activated when glare is detected thereoy darkening the mirror automatically. As glare sucsices r.^ 
mirror glass returns to its normal clear state without any action being reauired on the oan of the cnver in 
automatic rear/iew m.rror systems embodying the present invention, the mirror car.kens In rontinccus 
tasnion as ccposed to conventional r^o-step changes in the reflectance mode of conventional r^an-ew 
mirrors. In systems embodying the present invention, reflectance changes from aooroximately 85 nerc=- 
0 reflectance down to approximately 6 percent reflectance, the amount of dimming depenoing on how mJch 
giare the dnver experiences. With only a little glare, the mirror cims only oaniaily while with bright biinc.ng 
glare, the mirror dims to a fully dark condition. The middle range, or comfon zone is a 20 perc=nt ro 30 
percent reflectance level that eliminates the most common glare encountered unoer normal driving 
conoitions while still providing maximum rear vision. Moreover, if desirea. in systems emoodying ^he 
5 present invention, both the inside and outside rearview mirrors darken simultaneously. 

Referring to the drawings, an electrochromic mirror M is depicted in simplified cross-section in ,-igure 1 
such mirror being of the type disclosed in the aforementioned cooending application Serial No 3-i6 35a 
Since some of the layers of the mirror M are very thin, the scale has been distorted for oictorial clarity As 
shown in Figure 1. a sealed chamber 6 is defined by a clear front glass i. an edge seal 23 and a r-=r 
0 mirror 4 naving a reflective layer 7. A.suostance 5 having the desired electrochromic orooenies fills the 
c.namcer 6. and transparent conouctive layers 2 and 3 are connected to an electrical circuit at <erm.nai 
points 3 and 9. The light ray 14 enters through the front cover-glass 1. the transparent conductive layer 2 
the electrochromic layer 5. the transparent conductive layer 3. and the mirror glass 4 laver before being 
reflected from the reflective layer 7 provided on the mirror glass layer 4. Light in the reflected ray 15 exits 
5 by the same general path traversed in the reverse direction. Both the ray 14 and the reflected ray 15 ar° 
attenuated m proponion to the degree to which the electrochromic layer 5 is light absorbing. When the layer 
5 IS hignly light absorbing, the intensity of the ray IS and the ray 25 are insignificant and the dim image 
remaining ,s from rays 16 and 17 which are reflected off of the front and back surfaces of the cover glass 1 

In operation, when the switch 18 is positioned to contact the contact 19 to connect tile battery 2^1 ro rhe 
terminals 8 and 9. as schematically illustrated in Figure 1. the mirror oarkens in approximately -hree 
seconds. When the switch 18 is positioned to contact the contact 22 to open circuit the mirror the m.rror 
clears in approximately 20 seconds. Because of this property, all of the embodiments of the invention go to 
their maximum reflectances when power is interrupted. When the mirror is darkened and the switch 18 is 
positioned to contact the contact 20 thereby shorting the mirror, the mirror clears in approximately 3 
seconds. Clearing and darkening begin almost immediately when the drive signal to the mirror element is 
changed so that significant changes in mirror reflectance occur in times which are much shorter than those 
stated above. 

In Figure 1. the vehicle driver 24 views the rays 15. 16, 17 and 25 which are reflected from different 
surfaces of the mirror structure. When the mirror structure is thin and when the layers are parallel this 
causes very little problem. However, with wider separation of the surfaces and with slightly nonparallel 
surfaces, the multiple imaging becomes a problem. In order to eliminate this multiple imaging problem the 
prism structure of Figure la is optionally used, such prism structure being disclosed in the aforementioned 
copending application. Serial No. 846,354, The structure of the prism mirror M-a of Figure la is identical to 
that of the mirror M of Figure 1 except for the prism shape of the element 4a, The angle of the prism is 
preferably great enough to allow the rays 16a, 17a and 25a to be reflected up toward the roof of the 
automobile instead of toward the driver. Only the ray 15a reaches the driver 24a. The light ray I4a makes 
pne pass through the attenuating layer 5a before being reflected by the reflective layer 7a as a ray I5a. The 
light ray 15a then makes a pass through the attenuating layer 5a before being viewed by the driver 24a. 
Since the rays 16a. 17a and 25a are directed away from the driver, the ray 15a is the only light viewed by 
the dnver. It should be noted that the light in the ray 15a has made two passes through the attenuating 
electrochromic layer 5a. In operation, when the switch I8a is positioned to contact the contact i9a to 
connect the battery 21 a to the terminals 8a and 9a. as schematically illustrated in Figure la, the mirror 
darkens. When the switch iSa is positioned to contact the contact 22a to open circuit the mirror M-a. the 
mirror clears. When the mirror M-a is darkened and the switch 18a is positioned to contact the contact 20a 
thereby shorting the mirror, the mirror clears. Clearing and darkening begin almost immediately when the 
drive signal to the mirror element is changed. This mirror structure has a response similar to that assumed 
for calculations which are made and described hereinafter in greater detail. 

Before specifics of preferred embodiments of the invention are described in detail, the desirable 
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prooenies or rhe system wiil be outlined. Figure 6 is a simoiifiea. generalized block ciagram of a mirrcr 
control circuit. For ourposes of exannpie associated comoonents from tne system liiustratea'm Figure lO are 
=is;ed witn each block. The circuit of Figure lO wiit oe described inereinafter m greater cetail. Sucr. system 
.r.c:uces means to sense :he ambient light 30i which is comprised of one or more sensors -nat are 
5 arranged to aetect the amDient light ievei which the cnver sees and to wmch his or her eyes must ac}ust. 
The system of Figure 10 also mciuaes means to sense glare causing light 302 which senses the leve! of the 
:ight that causes giare in the mirror or mirrors which are controlled by the system. In various emcodimenrs 
of the invention, this sensing is done before, during, or after the light which causes the giare is anenuatea 
by a variable reflectance mirror or similar variable reflectance or vanabie transmission element whicn :s 
• 0 controlled by the system. The advantages of sensing giare after it has been attenuated wiil be described 
hereinafter in greater detail The means to sense giare causing light includes one or m.ore sensors, anc a 
memory unit 303 is provided which is utilized to register or record a time dependent history of Nght levets. 
This history is normally utilized in the establishment of an ambient light reference level whicn is related to. 
but preferably more stable than, the signal from 301 which is indicative of the ambient light level. This 
75 ambient light reference level is preferably a moving weighted time average of the ambient light signal from. 
301. Furthermore, the time average is preferably chosen so that the response of the ambient light reference 
level to changing light conditions approximates the response of the driver's eyes and his or her sensitivuy 
to glare. It should be noted that the averaging effect of the electrochromic mirror on input signals ana its 
inherently smooth transitions in reflectivity make stabilization of the mirror control signals generally Jess 
20 critical than with other mirror implementations. If desired, alternate .embodiments of this invention may use 
the ambient tight signal with little or no processing as the ambient light reference. The time average, 
although desirable, is not absolutely required. The ambient light reference level is used to determine tne 
level of the giare causing light which will be perceived as glare by the driver and to control the mtrror{s} to 
minimize this glare. In an analog implementation, the memory function is normally performed by one or 
25 more capacitors. In a microcomputer based implementation, the memory function may be performed by 
using a semi-conductor memory. A time base 305 is also used in establishing the ambient light reference 
level. In an analog implementation, the time base is normally established by one or more capacitor-resistor 
time constants. In a microcomputer implementation, the time base is normally dehved from an oscillator 
either directly via a counter or indirectly via the resultant program execution time. The control circuit 
30 normally responas in a prescribed manner to one or more auxiliary inputs 304. These inputs m.ay be from 
controls and special condition indicators such as a sensitivity adjustment means, a manual override switch, 
or an input signal which indicates that the automobile is in reverse gear. The computation and logic circuit 
306. which may optionally include or utilize a microcomputer, determines the desired reflectance level of 
the mirror or mirrors 308 based on inputs from blocks 301 through 305. When not overridden by an 
35 auxiliary input, the control circuit 306 utilizes the ambient light reference level, the giare causing light level, 
and the input from the sensitivity adjustment means to estimate the level of glare to which the driver is 
subjected. The control circuit 306 then utilizes the above information to determine the desired reflectance 
level or the desired adjustment thereto and outputs a command signal to circuit 307 which controls the 
reflectance of mirror or mirrors 308. The objective of the control is to reduce the mirror reflectance to a 
•io level which minimizes annoying or disabling glare while allowing the driver maximum visibility in the mirror- 
is). The reflectance of the mirror or mirrors 308 may be controlled by a variable voltage, a variable current, 
a vanabie charge accumulation, a time-proportioned pulse, a variable frequency, or any combination of 
outputs to the mirrors which achieves the desired reflectance level. The control of reflectance of the mirrors 
may be open loop or may include a feedback circuit which monitors the actual reflectance of the mirror(s) 
45 and then modifies the output signal to achieve the desired reflectance. In most open loop reflectance 
controls, temperature compensation is required to minimize the effect of ambient temperature on the 
reflectivity of the mirror. The simplified block diagram in Figure 6 is convenient for description but may 
oversimplify the complex inter-relation of elements in the actual circuitry. For example, when a microcom- 
puter is used, the microcomputer may perform portions of functions listed in several of the functional 
50 blocks, particularly blocks 303 through 307. There are a number of functionally equivalent methods which 
may be used to implement a setpoint control in the circuitry. For example, an increase in sensitivity may 
alternately decrease the ambient light reference, increase the glare causing light signal, or may not directly 
change either one but alter the compahson and the logic circuit output instead. Computation and logic 
circuit functions may be distributed through the circuit as they are in the continuously variable reflectance 
55 embodiment descnbed hereinafter in detail. There may also be additional signal paths between blocks 
which are not shown in the simplified block diagrams. 

Referring to Figures 2 and 3, a two state automotive glare control system, generally designated 30. ts 
illustrated therein, the system 30 having a stabilizing effect of mirror transition time. Electrochromic mirrors 
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cf the type cisciosed ,n saia copencing application Serial No. 346.354 are oreferably r.r-r-cr— t, - 
autcmanc rr.irror system 30. The time requirea to change from the low ,o ;ne h.ch refiectancVst^t^ ii. L/r- 
mirrors .s •jt.hzsd to enhance the overall performance of the automatic m.rror 'system .r^c to s^^-uf" t= 
e-ctrcn.c c.rcu.try which is reouirea to control the mirrors. Alternatively, any automatica.lv .-im^mc mlrr." 
= wnicn nas a relatively siow transition from the low to the h,gh reflectance state can -e -sec wrn -r- 
a.sc:oseo control system 30. When using other automatically cimmmg mirrors, tne crive signal to me mirro'r 
may oe tanorea to the specific mirror which is used. « to .ne mirror 

The eiectrochromic mirrors ,00. 101 and 102 utilized in this emboaiment of the invention have "^een 
optimized to aim ;n a relatively sho.n internal while the perioa for clearing has been ailowec ro r^-r^a^n 
>o aoout eignt seconds. In this embodiment of the invention, the control circuitry for the electrocnromic mirror's 
ooes not induce an electronic delay to hold the mirrors in the nonglare state. Instead, the natural oelay 4 
the electrocnromic mirrors prevents an uncesirably rapid cycling of the mirrors even though the -ectricai 
crive signal to the eiectrochromic mirrors often switches between the aim and the bnght m.rror drive ^tat-s 
Because o. -ts relatively fast darkening speed, an eiectrochromic mirror responds quickly enougn to t;e 
.5 oright command and thus to bright lights to eliminate annoying glare in nearly all driving situations in u^e 
.he performance of an automatic eiectrochromic mirror with regard to the frequency ana rate of .hanqe'of 
the reflective element is more pleasing than the performance of an automatic two position on^m m'ir.-or T'-e 
more desirable performance of the automatic eiectrochromic mirror is attained by utilizing the natu al 
transition time of the eiectrochromic mirror to stabilize mirror performance. The delay timing clcu-t ana me 
.0 aaditional stabilizing circuit were both used in an automatic two position orism m.rror :o wh.ch ."'e 
eiectrochromic m.rror was compared. Both of these circuits were eliminated from the circuit of me 
eiectrochromic mirror which was used in the comparison. 

in addition to the desirable overall timing of the transitions of me eiectrochromic mirror, the gradual 
trans-foris of the retlectance are much more desirable than me abrupt transitions of me mechan.callv driven 
two pos. ion pnsm mirror and the almost instantaneous transitions of most liquid crystal display mirrors The 
o!T.u rT w "'l' °' eiectrochromic mirror remains good when me eiectrochromic layer is 

pai^ally colored so ma, the reflectance of me mirror vanes continuously between its limiting bright and dim 
states The electrocnromic mirror of this embodiment of me invention performs better in a variable 
reflectance mode than any competing device which is known to me inventors. The relatively slow response 

aeTJl TT"''" "^''"""^ ''''' °" ''^ '^^"^'^^""y '■'^''^''^^ yielding a 

aesrable continuous variation ,n the reflectivity of the mirror. Wim commonly encountered raoidly 

mTt'h^Mhf/n ,T'''°?' °' " proportional to me percentage of 

time mat me control circuitry calls for the mirror to be in the nonglare condition 

Summarizing the above, the rapid fluctuation of the light levels often encountered while driving causes 
me automatic mirror control circuitry to frequently switch between commands for me normal and for me 

analt'/h . °' " ^'^^'V objectionable and additional 

ming and stab.lizing circuits are required to yield acceptable performance. The averaging effect of me 

T^'^rrTZ'Tr""" °' '^^'^'^^'^^^^^'^ -Mirror eliminates the reau.rement for a 

Su, hp IphV 'f"'"' '° ' generally desirable variable reflectance mode 

wimout me need for special control circuits to achieve the variable reflectance operation 

The present invention also solves the need for a variable reflectance mirror which will function as an 
outside rearvjew mirror, especially on me driver's side of an automotive vehicle. The need for such a mirror 
Vh^'f 1^ -Tn K^!*" "° '"""'^'^ commercial application have been available heretofore 

the ouSr^J '7,f H ''"^ eiectrochromic mirror operates satisfactorily in mis application, me control of 
Hrrnit f nT ' J accomplished by paralleling me drive of several mirrors from a common control 

o bv nl" ""k '''' accomplished by completely independent control circuits 

or by parttaily combined control circuits. 

mirrlf Y»f ^^.f '^'l 5^"^°^ ^"^t be fairly directional to avoid nuisance actuation of me 

mi rors. Yet, the headlamps of an automobile which is slightly back of and to the driver's side of me 
IS .imoS ! Tu t TT' glare on the left outside mirror while me inside mirror 

LiZl ? h\ : ? 'y^'"" ^'9"^' ^ re^r 'l^aoq sensor which is 

positioned to detect glare on me outside mirror is combined with me signal from the inside mirror to cause 
bom mirrors to dim when strong glare is present on either one. Another desirable option is to use the t.me 
average of me fon.vard light level (ambient reference) from one of me mirrors as me input to omerwise 
independent control circuits for the other mirrors. 

Referring to the circuit block diagram of Figure 3, one or more eiectrochromic mirrors 100 ,01 and ,02 
are used as me ms.de rean/iew mirror and the left outside and the right outside mirrors, respectively of a 
vehicle. These mirrors are supplied with approximately 1.2 volts to darken them and are short circuited to 
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ciear them raoiciy. It has been found that the mirrors lOO. 101 ana 102 c!ear within aocui 20 seccncs ^-rer 
coen Circuited. The eiectncai supply n9 for the mirrors iQO. lOl ana 102 is ccnnec:ec :o the CDnventicr.ai 
12.3 vcit autcmotive supply -.vnich is turned cn by the venicle ignition swiicn. The succiy circuit n9 i.-r.cs 
sucpiy voltage transients ana regulates the supply vottage to a portion of the system. 
5 The backward facing sensor circuit 1Q8 senses iignt rays 107 frcm the neaalamps or the venicie i06 

generating an eiectricai signai indicative or the glare producing light from the rear. A sensitivity adiustment 
109 !S available to the anver ana is Hlummatea by a ciai illumination lamp circuit 1 10. 

The ror^arc facing sensor circuit 1 1 1 senses the ambient light rays 105 to the front of the venicie. wnie 
the visor 1 12 shields the sensor from the rays 104 of streetlamp 103 which is nearly ovemeao. The curcose 

:o of the forwarc sensing circuit 111 is to respond to ambient light in much the same way as the criver's eyes 
respond and to establish the operating threshold of the mirror accordingly. 

For ambient light level less than 0.02 footcandles, the actual ambient light ievel has very little erfect cn 
the driver's perception of glare. The minimum light threshold circuit 113 causes the output of the forwarc 
facing circuit 1 1 1 to approach a constant value for light levels, which are less than 0.02 footcandles. A :;me 

;5 average of about 25 seconds is applied to the forward light signai by a long time average circuit 114 to 
produce a time averaged ambient iignt reference signal against which the signal from the backward facing 
sensor circuit 108 is compared. This time average stabilizes the reference signal and causes it to track the 
slow response of the human eye to changing light levels. A comparator circuit 1 18 is provtdea which signals 
a glare condition when the signal from the backward facing sensor circuit lOS indicates a glare light 'evei 

20 which exceeds the reference level established by the time averaged forward signal. 

Several other signals combine to overriae the glare determination and to hoid the mirrors 100. lOi ana 
102 in the bright condition. First, a day detector circuit 115 compares the fon^ara signal against a fixed 
threshold equivalent to approximately two footcandles and holds the mirrors in the bright conaition when tne 
forward light level exceeds this threshold. Second, a vehicle backup detect circuit 116 monitors the backup 

25 light signal, which indicates that tee vehicle is in reverse gear, and holds the mirrors in the bright condition 
to improve visibility when the vehicle is in reverse gear. Third, a power supply overvoltage detection circuit 
1 17 is provided which holds the mirrors in the bright condition when the automotive supply voltage exceecs 
a safe operating range for circuit components. The specific objective is to limit the power dissipation of the 
transistor Q6 to a range in which failure due to secondary breakdown or to simple overheating wiil not 

30 occur. The circuits 116 and 117 share several circuit components such as the resistor Rl7 and the 
transistor Q1. 

Signals are anded together at 121 to command the dim state whenever the glare condition is aetected 
and none of the three inhibiting conditions is present. The mirror supply circuit 124 operates in conjunction 
with the current limit circuit 122 and voltage limit circuit 125 to supply approximately 1.2 volts to the mirrors 

35 100. 101 and 102 to cause them to assume the dim state. The mirrors return spontaneously to their brtgnt 
states within approximately 20 seconds of the time that the 1.2 volt supply is removed. The mirror shoning 
circuit 123 short circuits the inputs to the mirrors to speed their return to the bright state. 

In operation, it is normal for the command signal from 121 to change frequently between commanding 
the bright and the dim mirror states. The mirrors respond rapidly enough to the dim command that the 

-iO driver is normally not bothered by excessive glare. The natural delay of the mirrors in returning to their 
bright states prevents the annoying and disorienting changes in mirror brightness which is associated with 
other fast responding mirrors when driven by the simplified control circuit. Furthermore, most other mirrors 
have short periods of unusability or of high distortion during their transition. For example, most liquid crystal 
display mirrors scatter light for about one half second following a transition, while a two position prism 

J5 mirror is misaimed while traveling from one position to another. In contrast, the electrochromic mirror 
assumes intermediate reflectance values and remains usable during all stages of the transition. 

Optionally, as will be described hereinafter in greater detail, glare may be sensed through an 
attenuating layer of the mirror as indicated in Figure 8. As the glare causing light level increases above the 
glare threshold level, the control circuitry switches to the low reflectance drive state until the attenuating 

50 layer darkens enough to reduce the measured glare causing light to a level which is below the glare 
threshold. The circuitry then switches to the high reflectance drive state until the attenuating layer clears 
enough to increase the measured glare causing light to a level which is again above the glare threshold. 
The circuitry then switches to the low reflectance drive state and continues to cycle in this manner 
maintaining the reflectance of the mirror at an intermediate level. 

55 Referring to the schematic electrical diagram in Figure 2. the system 30 is connected to ground at 
terminal 201. to the backup light circuit at terminal 202. and to the 12.8 volt supply which is turned on by 
the ignition switch at terminal 200. Power is supplied to the measuring and logic portions of the system 
through the current limiting resistor Rl and V6 is clamped to 9.1 volts by the zener dioae Dl. The current 
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through ;h3 current hmiting resistor R2 lights -he light emitting oiode 02. The csoactcrs Ci =na C2 ^Ht- 
circuit supply voltage V6. wmle the resistors R3 ana R4 establish a reference vctage ot'at:out o's^vo'.-s 
which !s usea as the cay detect threshoia. 

The series resistors R5 and R6 form a half bricge with the light sensing resistors R9 and fl9A and 'r» 
series resistors R8 ana R3A. The rneostai R6 is adjustable by the oriver of -r.e v-h.c^e w.th vc-=r 
resistance senings causing increased sensitivity cf the system. The concuction of the light ^-ensing re-isio^'s 
R9 and R9A increases with increasing iignt ievel decreasing voltage Vi. The resistor R9 is -ositionec "o 
aetect i.gnt wnicn causes glare from the inside rearview mirror 100 and the cotional iignt =ensor RQA is 
positionea to aetect .ght which causes glare from the outside mirror iOl on the driver'. =ice The sensor 
R9A .3 oreteraoly selected to be less sensitive than the sensor R9. This eiiminates manv nuisance 
responses of the mirror cue to stray lights detected by the outside sensor R9A. It wiil be understood rha^i 
the car roof ana boay restrict the light which reaches the inside sensor R9. The insiae sensor .s -hus 
snieiaed from the light of many of the lighted roadside signs and from other sources of light which go not 
normally cause glare for the driver. The outside sensor preferably has a viewing angle that is restncec as 
much as possiDle. Its viewing angle must still be relatively wide to pick up very bright lights from vehicles ro 
the s.ae. Such lights often do cause glare for the driver and. because the vehicle is close, they are usually 
very brignt. The less sensitive outside sensor picks up these bright lights which are often obstructed from 
striking the ins.de sensor, ana the reduced sensitivity of the outside sensor prevents many of the nuicance 
responses wn.ch would otherwise be causea by lights from other sources. A third light sensor (not ^riown) 
may optionally be used to detect light which causes glare from the right or passenger s.ae outsice'mirror 
102. The second outside sensor when used is also preferably of a reduced sens.tiv.ty. The res.stors R8 and 
R8A hm.t the m.nimum value of VI so that the sensitivity of the mirror is reduced at very h.gn ambient licht 
.evels The res.stor R5 limits the minimum value of the series combination of the resistors R5 and R6 thus 
establ.sn.ng the minimum sensitivity to which the mirror may be set. Caoac.tor C3 orevents very raoid 
25 fluctuation of VI. ' ^ • 

The resistor Rl i forms a half bridge'with the forward light sensing resistor Ri2. The conduction of the 
res.s or Ri2 .ncreases with increasing fon^ard light level decreasing voltage V2. The resistor Ri4 is in 
parallel with the resistor Ri2 and establishes the maximum value of V2 when the light level sensed by the 
resistor Ri2 is very low and the resulting resistance of the resistor Ri2 is very high. The effect is to limit 
the ma.ximum sensitivity of the circuit for low forward light levels. This maximum sensitivity is still controlled 
oy the rheostat R6. The resistor Ri5 and the capacitor C4 average the voltage 72 to form a reference 
votage V3. The comparator ICIA tums on pulling output V4 to ground when the voltage Vi exceeds -he 
voltage V3 indicating a condition of low glare. 

When a high ambient light level causes voltage V2.to fall below the voltage V7. the comparator ICiB 
o^^rns on nolding V4 at ground. A high supply voltage V8 causes current to flow to the base of the transistor 
Q1 from series components diode 05, current limiting resistors R16 and R23 and zener diode 04 This 
holds V4 at ground. Likewise, voltage from the lighted backup lights at the inout 202 causes current to flow 
through the resistor Ri8 turning on the transistor Q1. The resistor Rl 7 prevents small leakage currents from 
lurning on the transistor Ql. 



20 



30 



35 



When V4 ,s at ground, the transistor Q2 is turning off as is the transistor 08 and current through the 
current limiting resistor R21 turns on the transistor Q3 which effectively short circuits the mirrors 100 101 
and 102 causing V5 to fall to nearly zero volts. This speeds clearing of the mirrors 

■ When VI ,s lower than V3 indicating a glare condition, the output of the comparator ICIA is turned off 
A/hen conditions are such that the comparator ICIB and the transistor Ql are also turned off V4 is pulled 
high through the current limiting resistor R19. The transistor Q2 is turned on by current through the resistor 
R20 and the transistor Q3 is turned off preventing its shorting action on the mirrors. The transistor Q6 is 
turned on by current through the resistor R22 supplying current II to the mirrors. If II exceeds a safe value 
the voltage across the current sensing resistor R24 turns on the transistor Q5 diverting current from the 
base of the transistor Q6 thereby regulating the maximum value of II. When V5 reaches approximately I 2 
volts, the voltage VI 0 from the divider formed by the resistors R25 and R28 turns on the transistor Q4 
diverting current from the base of the transistor Q6 and thereby regulating the maximum value of V5 

The resistor Rl3 approximately balances the impedance at the two inputs of the comparator ICiA The 
diode 05 prevents damage due to negative supply voltages at V8. The time constant formed by the resistor 
R23 and capac.tor C5 limit the voltage V9 at the collector of the transistor Q6 produced by short transients 
of supply voltage V8. The diode 03 discharges the capacitor C4 when the circuit is de-energized so .hat the 
m.rrors tend to stay in the bnght condition after a momentary supply voltage interruption. When V5 is high 
causing the mirror to dim, current through R27 turns on Q7 lighting status LED 06. R28 limits the current to 
Do. 
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An icentification cf anacr typrcal values for the ccrp.pcnents or the system lilusiratec :n' Figure 2. .vm 
are cescnbed reremabove. are as follows: 



R 1 


Resistor 


270 ohm, IW 


p 0 


Resistor 


S20 or.m 


R3 


Resistor 


2.7 meechm 




Resistor 


100 K ohm 


R5 


Resistor 


39 K ohm 


R6 


Resistor 


1.8 m e g*o h m. 


R8 


Resistor 


15 K ohm 


R8A 


Resistor 


15 K ohm 


R9 


Resistor 


Photo Resistor 


R9A 


Resistor 


Photo Resistor 


RiO 


Resistor 


6.8 megohm 


Ril 


Resistor 


270 K ohm 



30 



j5 



-iO 



45 
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Photo Resistoi- 


R13 


Resistor 


390 K ohm 


Hi4 


Resistor 


550 K ohm 


RiS 


Resistor 


470 K ohrr: 


RI5 


Resistor 


2,2 K ohrr 


Ri: 


Resistor 


4.7 K ohm 


R I E 


Resistor 


27 K ohm- 


R19 


Resistor 


3.3 K ohm 


R20 


Resistor 


22 K ohm 


R21 


Resistor 


1.5 K ohm, 1/2 V; 


R22 


Resistor 


3.3 K ohm: 


R23 


Resistor 


10 ohm, iOW 


R2A 


Resistor 


1 ohm, iv; 


R25 


Resistor 


2.7 K ohm 


R2S 


Resistor 


2.2 K ohm 


R2: 


Resistor 


1 K ohm 


R2S 


Resistor 


1 K ohm 


CI 


Capacitor 


47 mfd. -lOV 


C2 


Capacitor 


.022 mfd. 


C3 


Capacitor 


.022 mfd. 


C4 


Capacitor 


47 mfd. lOV 


C5 


Capacitor 


iOO mfd. 60V 


Dl 


Diode 


IN4739A 


D2 


Diode 


LED ROHM SLH 


■D3 


Diode 


IN4148 


DA 


Diode 


IN4747, 20V, IW 


D5 


Diode 


IN4004 



55 
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20 



Do 


Dice*? 


LED 


ROHM s: 


-H-55 M i 3 


Qi 


Trrmsistoi* 


:N3904 






Q2 


Transistor 


2N3904 






Q3 


Transistor 


2N3904 






04 


Transistor 


2N3904 






Q5 


Transistor 


2N3904 






Q6 


Transistor 


TIPlOl 






Q7 


Transistor 


2N3904 






ICIA 


Comparator 


LM2903 


or LM339 


(Motorola) 


ICI3 


Ccnparator 


LM2903 


or LM339 


(Motorola) 



It wiil be understood that these values and/or descriptions nnay be varied depending uoon the pamcuiar 
application of the principles of the present invention. 

25 

Autonnotive Application of Mirror Control Circuit 



Figure 4 is a diagrann which depicts the autonnobile application of the disclosed system. The insice 
rearview mirror lOO is shown mounted to the windshield 201 which is shown in partial view. The seft sice 
20 mirror 101 and the right side mirror 102 are connected to the mirror 100 by a conventional wirina harness 

205. The 12.8 volt ignition switched power from the automotive supply enters the mirror wiring system at 

206. The case of the mirror 100 houses the major portion of the circuit shown in Figure 2. The elements 
Ml, M2 and M3 are the electrochromic mirror elements which are shown in Figures 2 and 3. The resistors 
R9A and R9 are the backward facing photo-sensors also shown in Figures 2 and 3. Excessive lignt striking 

35 either of the resistors R9 or R9A causes the mirror elements Ml. M2. and M3 to dim. Optionally, the 
system can be configured without the sensor R9A. 

Mirrors With One or More Intermediate Reflectance States 



-10 As noted earlier, the commonly used two position prism mirror element is strictly a dual reflectance 
device. Liquid crystal mirror elements which have shown some promise in the dimming mirror application 
and which are known to the inventors are also dual reflectance devices. The electrochromic mirror element 
embodied in the present invention is the only one known to the inventors that will provide a continuously 
variable reflectance over a wide (4 percent to 80 percent) range. In the inventors' experience with 
automatically controlled two position prism mirror elements, the need for a continuously variable reflectance 
or at least for an intermediate reflectance level remains the greatest technical limitation of the prior manual 
and automatic prism mirrors. 

The prism mirror element which is presently used in the inside rearview mirror of most automobiles has 
a reflectance of greater than 80 percent in its bright state and less than 5 percent in its dim state. High end 

50 reflectance levels of greater than 70 percent are very desirable and high end reflectance levels which 
exceed 55 percent are required for satisfactory inside mirror performance. On the other hand, low end 
reflectance levels of approximately 6 percent are needed since at these reflectance levels, bright headlights 
still cause some discomfort for drivers whose eyes are adjusted to very low ambient light conditions. The 
ratio between the required high and low end reflectances preferably exceeds nine to one. 

55 In many crowded freeway and suburban night driving situations, neither a reflectance of 6 percent nor a 
reflectance of 80 percent is satisfactory. In such situations, the ambient light levels are usually moderate 
and the driver's eyes are somewhat sensitive to glare. Thus, a reflectance of 80 percent is unsatisfactory 
and a reduced reflectance level is needed. Only headlights are clearly visible in a mirror which has a 
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reriecrance of cniy 5 qercem. Deoth perception gainec from details v.s.ble oniv in a rucner -heciarc- 
mirror is lost. Tine criver is jusmiaciy uneasy about making oriymg cecisions sucri as wnen :o 5-A^tcn ^an-^- 
based on the iimitea view from a mirror having a rerlectance of 3 cerceni. A singie = mu-pcie .-r = 
continuum of intermediate refiectance <evels .s cieariy needed. For example, a mirror ^i'in ihree*^efiec^anc-s 
- one or 6 percent, one or 22 percent, and one of 30 oerceni • is highly cesirable. The .-fiect.vtty of 2? 
percent is 3.6 times less than the 80 percent high end refiectiviry ano 3.7 times greater -nan the 6 cerreni 
:ow ena reflectivity. With these nearly equal ratios in reflectivity berween :he successive mcreme'ntai 
reflectance states, the reflective states appear about equally spaced to the cnver. This intermeciare 
reflectance fills the gap between the 6 percent and the SO percent reileciance ievefs. However. t,s .-.^cic- 
of intermediate reflectance levels may need to be tempered wnen dealing with sceciai situations sJcn as 
very low reflectances where the driver's inability to see detail becomes a comoiicating factor' If :^r 
example, a reflectivity of 22 percent makes it difficult to see in city driving anc a refiectance of 30 cerc-nt 
^ improves visibility significantly. 30 percent may be chosen for the intermediate level msteaa of 22 cercenr 

In the previously described embodiment of the mirror control circuit which utilizes a two state' crive 
?5 circuit for the mirror, intermediate reflectance levels are obtained by utilizing me reiativetv sicw but smooth 
transitions of the reflectance of the electrocnromic element to average a two state ccmmana signal and thus 
achieve a degree of intermediate reflectance control. In the following embodiments to be cescribec *ne 
control circuit automatically selects the reflective state of the mirror based on iignt levels sensec by *he 
photocells and on the light level histories. In one embodiment, the reflective state is selected from - 
20 continuum of reflectances. In an alternate embodiment, the reflectance state is incrementally controilea ana 
IS selected from options which include a high reflectance state, a low refiectance state, and one nr mor^ 
intermediate incremental reflectance states. In the various reflective states, the reflectivity of the mirror .-oes 
not need to be precisely controlled. It is. however, desirable to choose the successive incremental reflective 
states so that they appear equally spaced to the driver. This is best accomotished by establishing 
25 approximately equal reflectance ratios between the successive incremental reflective states. 

Figure 9 deoicts a dosed loop reflectance control in which the reflectivity of the mirror element is 
determined by measuring the intensity of light reflected by the vanable reflectance mirror from a reference 
light source to a detector. In Figure 9. the tight source 602 emits light ray 603 which is reflected I'om a 
vanable reflectance mirror element 601 as an attenuated ray 604 whose intensity is measured by the sensor 
30 6 05 and its associated circuit. This control, when used, is a part of the mirror reflectance control 307 .n the 
general block diagram of Figure 6. A number of vanants are possible. First, an obvious orobiem .s to 
accommodate the light source and the sensor on the viewing side of the mirror. The source and the sensor 
may be miniaturized and included under the bezel of the mirror. Alternatively, a small ponion of the 
reflective surface may be removed from the back of the attenuating layer of the mirror ana replaced by a 
35 small reflective area on the front of the mirror. This area with the reflective surface on the front may be 
covered by the bezel of the mirror. The light source and sensor are then positioned behind the mirror 
element. Other alternatives include removal of a smalt portion of the reflective layer, and olacement of the 
light source and the sensor on opposing sides of the mirror element. In this tarter arrangement, the light 
makes one pass instead of two through the attenuating layer. This must be taken into account m the control 
JO circuit. 

Measurement of Glare After Attenuation in t he tVlirror 

The measurement of mirror reflectance in the preceding example is relatively straight-fon/vard but very 
45 cumbersome and costly. If glare is measured after attenuation in the mirror element, the need to know the 
actual reflectance of the mirror is reduced if not eliminated. The purpose of the variable reflectance mirror is 
to control the glare that the driver receives from the mirror. Thus, it is beneficial to measure the glare 
causing tight after it has been attenuated by the mirror. At this point the measurement directly indicates the 
glare which is actually seen by the driver. The control circuit for this embodiment varies the reflectivity of 
50 the mirror to limit the glare seen by the driver to an acceptable level. It is not necessary for the circuit to 
separately monitor the mirror reflectance and the intensity of the glare source since the tight level reflected 
to the driver's eyes is all that matters. 

In Figure 7. glare is sensed after it is reflected from and attenuated by the mirror so that the glare 
causing light level measurement correlates directly to the glare that the driver sees in the mirror. The 
55 sensor 404 is positioned at the edge of the variable reflectance mirror element 400 so as to receive Iignt 
reflected from and therefore attenuated by the mirror element. The glare causing light ray 402 from the 
automobile 401 is attenuated and reflected as a ray 403 which is detected by the sensor 404. This oath and 
the resulting anenuation is similar to that of the ray 402a from the automobile 401 which is attenuated and 
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refiecied as a ray 403a ana viewec by the anver 408. The glare causing light ievei measurec oy rr.e ser.scr 
400 ccrresconcs cirectty -o the light level which the ariver sees in the mirror. 

The sensor 404 of Figure 7 is used as the sensor eiement of the means to sense glare causing iicr:- 
302 of Figure 6. The s:gnai from the sensing means 302 directly indicates the iignt level wisich the cnver 
normally sees in the mirror. With the mirror in its normal automatic mode, the iogic ana comcutation circuit 
306 uses ^he ambient light reference signai and the input from the sensitivity adjustment means :n 
combination with the signal from the means to sense glare causing light to determine whether the Iignt that 
the driver sees is above, at, or below the glare threshold. Basea on this determination, the circuit 306 
signals the mirror reflectance control circuit 307 to. respectiveiy, decrease, maintain, or increase the 
reflectance of the mirror. Because the reflectance of the mirror is mcluaed m the feeccack looo of -he 
control circuit, compensation for variations in the reflectivity of the mirror element is mace automatically. 

Measurement of Glare After Partial Attenuati on 

Figure 8 depicts an alternate sensing arrangement in which light makes one pass through the 
attenuating layer of the mirror before striking the sensor. The light seen by the anver is the sum of wnat is 
reflected to the driver from the front surface of the mirror and that which is reflected from the reflecting 
surface of the mirror. With some available mirror element constructions, the rays reflectec from the front 
and from intermediate surfaces of the mirror are either very weak or are directed away from the anver and 
may thus be neglected. The device described "below utilizes this type of mirror eiement for which most of 
the rays seen by the dnver make one pass through the attenuating layer on their way to the reriecting 
surface and, after being reflected, they make a second pass through the attenuating layer and travel finally 
to the driver's eyes. From the above it is clear that light which reaches the sensor 504 ;s attenuated but not 
to the same extent as is the light which reaches the driver. This inequality in the attenuation levels is a 
disadvantage. The offsetting advantage is that the sensor is positioned in a convenient location behind the 
attenuating layer of the mirror. This sensor position is preferable to the sensor position in front of the mirror 
as depicted in Figure 7. The partial attenuation of the light striking the sensor in Figure 3 ooes not permit 
full closed loop control of the mirror reflectance based on the level of the light reflected from the mirror to 
the driver's eyes. The paaial attenuation does, however, substantially improve control of the mirror since it 
allows the control circuit to partially compensate for vanations in the reflectivity of me mirror, it also 
provides for control which enhances the response speed of the mirror m attaining intermeoiate reflectance 
levels. The result is significant improvement in control of the reflectivity of the mirror over that which is 
obtained by a similar control circuit having no feedback on the reflectivity of the mirror. 

Measurement of Glare After Partial Attenuation • Senso r Configuration 

In Figure 8, the reflective layer of a variable reflectance mirror 500 has been removed from the window 
area 505. The ray 502 from the automobile 501 passes through the window 505 in the reflective layer of the 
mirror 500. The attenuating layer of the mirror spans the winaowed area just as it does the main reflective 
layer backed portion of the mirror. The ray 502 is partially attenuated by the single pass through the 
attenuating layer of the mirror and emerges as partially attenuated ray 503 which is sensed by sensor 504. 
In comparison, the ray 506 from the automobile 501 is partially attenuated by a first pass through the 
attenuating layer of the mirror, is reflected by the reflecting layer of the mirror, and is funher attenuated by 
its second, return pass through the attenuating layer. The attenuated ray 507 is viewed by the driver 508. 
With the structure described, light is attenuated by a ratio r each time that it passes through the attenuating 
layer of the mirror. Here r is the ratio of the light intensity after making one pass through thy attenuating 
layer when it is clear to the intensity of the same ray making one pass through the attenuating layer having 
the given attenuation level. The light is attenuated by a ratio r before reaching the sensor 504 and before 
being reflected back to the driver. On its return path to the driver 508, the light makes another pass through 
the attenuating layer again being attenuated by a ratio r. Thus, the total attenuation ratio of the light level 
which the driver sees due to the attenuating layer of the mirror is r^ while the attenuation ratio of the light to 
the sensor is r. The above relation applies to the prism version of the electrochromic mirror. This relation 
can be expanded to adequately characterize mirror elements that may have response characteristics which 
are different from that described. For example, first surface reflections must be taken into account in mirrors 
with strong first surface reflections that are aligned with the image which the driver views. Since the tight 
that is reflected from the front surface of the mirror does not pass through the attenuating layer, this 
component of the mirror's reflected light is not affected by changes in the attenuation of the attenuating 
layer. In practice, little difference is seen between the performance of a parallel plate mirror eiement and the 
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prism elemeni when using the sensing configuration of Figure 3. 

Appiying -r.e cicck oiagram of Figure 5 to the sensor configuration of Figure 3. [he sensor 50^ of Ficure 
3 IS used as ihe sensor eiement of the means to sense the giare caus:ng tight 302 of Figure 6. The signal 
frcm tne sensing means 302 is not artenuateo to the same extent as the iignt'ievel which the an*er n^rrmaily 
sees in the mirror. In the normal automatic mode of the mirror, the logic and computation circuit 306 uses 
the amcient light reference level in combination with the signal from the means to sense glare causing iigm 
ana me input from the sensitivity adjustment means to cetermine the level of giare to wmch the driver" is 
subjected. The circuit 306 then outputs a signal to the mirror reflectance control 307 to estaoiish the proper 
reflectivity for me mirror. As will be explained below, the signal from the means to sense giare causing ngnt 
302 is interpreteo in a way which accounts for the anenuation of the pass through the mirror. Since the 
attenuation of the attenuating layer in the mirror is not measured in this embodiment, the control circuit 306 
must estimate this anenuation to properly interpret the signal from the means to sense giare causing lignt 
302. In this emoodiment of the invention, the control circuit 306 assumes that the anenuation of the 
anenuating layer in the mirror 308 does achieve the attenuation level which it commands -he mirrcr 
reflectance control 307 to establish. Furthermore, the control circuit 306 commands a mirror reflectance 
level which will, as nearly as possible, attenuate glare just to the point that the light intensity whicn the 
driver sees is maintained at the glare threshold. These conditions are met in the following way for the mirror 
described above. When the light sensed by the sensing means 302 exceeds the glare threshold by a ratio 
g. then the circuit commands an anenuation ratio of g for one pass through the attenuating layer of ihe 
mirror. This results tn an attenuation ratio of g^ in the light that the driver sees. 

Operation is illustrated by the following example: Assume the light level received by the sensor 504 has 
been low for a long time' and suddenly increases to 4 times th-e glare threshold and remains at this ievei. 
The sensor element of the means to sense glare causing light 302 initially views the light througn a clear 
mirror element so that the means to sense glare causing light initially sees a light level whicn is 4 times the 
threshold level (g = 4). The glare appears to the logic circuit to be g^ = 42 or 16 times its threshold value. 
Thus, the logic circuit 306 signals the mirror reflectance control 307 to attenuate the reflectivity of the mirror 
by a ratio of 16 to 1. As explained above, when the reflectivity of the mirror element falls by a ratio of 4 to 1 
from its bright level, the attenuation ratio of the attenuating layer of the mirror is approximately 4 to 1 -or 
^A^o passes and 2 to 1 for one pass. The sensor, thus, sees the light level through a 2 to 1 attenuation. The 
light level viewed by the sensor is now 2 times the glare threshold and the logic circuit commancs 3 mirror 
attenuation ratio of g^ = 2^ or 4 to l. Since this is the present attenuation of the mirror, the reflectance cf 
the mirror remains at approximately one fourth of its bright reflectance as desired until the fighting 
conditions change. This reduces the light which the driver sees to the glare threshold level. Note that the 
initial response of the control circuit was to drive the mirror to a much lower reflectance. This "over 
response" of the control circuit to changing glare conditions can significantly speed the response of the 
mirror element. A second advantage is that the sensing arrangement improves the accuracy with which the 
reflectance may be established over that obtained with a totally open loop sensor configuration. 

Measurement of Glare After Partial Attenuation ■ Mathema tical Description 

In Figure 8. the mirror 500, has a given reflectivity. 1506 and 1502 are the intensities of the respective 
rays 506 and 502 coming from the automobile 501. Because they come from the common source, 1506 is 
substantially equal to 1502. 1507 is the intensity of the ray 507 which is reflected from the mirror 500 when it 
has the given reflectivity. 1507CL is the corresponding intensity when the mirror 500 has its maximum 
reflectivity. The ray 503 is the continuation of. the ray 502 after it has passed through the attenuating layer 
of the mirror. 1503 is the intensity of the ray 503 after transmission through the mirror 500 when it has the 
given reflectivity. I503CL is the corresponding intensity when the mirror 500 is clear. For the derivation 
below, a full reflectance threshold light condition is needed. The intensities at this full reflectance threshold 
condition are labeled I506GT. 1507GT. I502GT. and I503GT. In the full reflectance threshold condition, the 
mirror 500 is clear and the intensities I506GT and 1502GT of the rays 506 and 502 from the automobile 501 
are exactly at the level which the mirror control circuit detects as the glare threshold. Several definitions 
follow: 

G = 1506 / I506GT = 1502 / I502GT = I503CUI503GT (Ratio by which giare causing light exceeds 

the glare causing threshold level). 
D = 1507 / t507GT (Ratio by which the light the driver sees exceeds the glare threshold level). 
S = . 1503 / I503GT (Ratio by which the sens'ed glare causing light exceeds the glare causing 

threshold level). 

r = I503CL ' 1503 (Ratio by which mirror attenuates the light to sensor 504 - relative to clear state). 
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R = i507CL 1507 (Ratio by wnich mirror anenuates the light reriectea to the cnver - relative to ciear 
stcte). 

A cerivation cr the glare level which driver 508 sees rollows: 

5 R = (Given orcperty cf mirror eiement) 

r = S (Given control circuit 'unction required to yield desired glare reauction. This is reaiizea after a settling 
timer 

1503 = !503CLr (Rearrange r = I503CLI503). 
S = fi503CL1503GT),r (Substitute 1503 = l503CLr in 
'0 S = t503.i503GT). 

S = G.r (Substitute G = I503CL I503GT in S = (!503CL!503GT)/r. 
D = G R (Linear property of mirror attenuation). 

r = G ' r (Substitute r = S in S = G / r. This is realized after a settling time), 
r^ = G (Rearrange equation above. This is realized after a settling time). 
:5 R = G (Substitute R = r^ . This is realized after a settling time). 

D = R / R = 1 (Substitute R = G in D = G / R. This is realized after a settling time). 

This is the desired result which indicates that the light which the driver sees is maintained at tne ievel he or 
she has selected as the threshold to glare. This selection is made by adjusting the sensitivity of the mirror 
20 control circuit. 

The control circuit of this emboaiment of the invention adjusts the voltage to the mirror to control its 
reflectance. There is no direct feedback to venfy the actual reflectance which the mirror element has 
assumed. As a result variations in voltages, variations in temperature, variations in the mirror elements, and 
imperfections in the algorithm by which the control circuit relates the mirror control voltage to the desired 
25 mirror reflectance ail contribute to deviation in. mirror reflectance from the desired vatue. As stated earlier, 
sensing the glare causing light after it has passed through the attenuating layer of the mirror reduces the 
effect of these errors. In the derivation above, the circuit controlled the attenuation ratio for one pass 
through the mirror according to the equation. 

30 r - S. 

Now suppose that the control circuit is in error by a ratio E so that instead of r = S. the circuit 
establishes the attenuation by the formula, 

35 r = ES. 

S = r , E (Rearrange equation above), 

R = r^ (Given property of mirror element). 

S = G ' r (Linear property of attenuating layer and sensor). 

D = G ■ R (Linear property of mirror artenuation). 
-JO r . E = G / r (Substitutes S = r / E in S = G / r). 
= EG (Rearrange equation above). 

R = EG (Substitute R = r^ in r^ = EG). 

G = R / E (Rearrange equation above). 

D = R / RE = 1 / E (Substitute G = R / E in D = G / R). 

Thus, the light which the driver sees is reduced by the ratio E from the desired level. 
Now consider a similar mirror where the glare causing light is not sensed after a pass through the 
attenuating element of the mirror. Errors similar to those above would result in an error ratio E for each pass 
through the attenuating layer of the mirror. Since the reflected light makes two passes through the mirror, its 
50 intensity is reduced by a ratio E^ from the desired level. The factor E^ is substantially greater than the factor 
E above. 

Mirror Control With Three State Reflectance Drive 

55 Figure 10 is the circuit diagram of a mirror control which drives the electrochromic mirror(s) with one of 
three output levels. These three output levels drive the mirror(s) to a high reflectivity when glare is low, to 
an intermediate reflectivity when the glare exceeds an intermediate threshold, and to a low reflectance state 
when the glare exceeds a high threshold. Reflectances in the three states are nominally 7 percent. 23 
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percent, and 30 percent. The circuit is configured so that for annbient reference levels wmch are 'ncfcative 
of low to moderate ambient light 'evels. -he ratio of the glare causing iignt levels at the htgn tnresncic :o ?rat 
at ;he !ow threshold is 3pprcx:maie!y eoual to the ratio of intermediate reflectivity of :r>e mirror :o the ^ow 
reflectivity of the mirror. In cnghtiy lighted areas where the ambient reference level is incica?*ve of hicn 
5 ambient light, the circuit requires increasingly nign glare causing lignt levels to cause it to qo into the *ow 
reflectance state. Referring to Figure 5. the plots shown are of circuit thresnoid levels versus ambient ngnt 
reference. Note that in Figure 5 and in the discussion which follows, the ambient light reference is assumea 
•0 be the steaaiiy appiied ambient light level in footcandles whicn yields the corresponding amoient lignt 
reference level. The cur^/es 902 and 903 are measurements taken on the circuit disciosed herein. For eacn 
:o measurement taken, the ambient light level was held constant for several minutes to ailow the -rime 
averaging circuit to stabilize ana to yield the corresponding ambient reference level. The cur-/e 902 is the 
threshold for the intermediate reflectance level and the curve 903 is the threshold for the low reflectance 
level. The venical distance between the curves 902 and 903 on the log-log plot is a measure of ihe 
logarithm of the ratio of the two threshold levels. Note that the curves 902 and 903 are nearly parallel for 
;5 for/vard light levels ranging from 0.025 to 0.05 footcandles. The curves then -diverge significantly inaicating 
the increased ratio berween the threshold values as stated above. The circuit is so taiiorea because glare is 
less annoying and visibility is more important in brightly lightea areas. More compiicated driving situations 
which require correspondingly better rearview vision are often encountered in these brightly lighted areas. 
The system of Figure 10 is also configured so that visibility is not reduced by going to the minimum 
20 reflectance when the ambient tight reference ievel is high. This is shown by the cupye 903 which encs at an 
ambient light reference level that is just above 0.2 footcanales. 

Referring again to Figure 5, the curve 900 is a plot of the glare or actuation threshold for me proauction 
version of the automatic fwo position prism mirror cescribed in patent 4.443.057. The line 90l is for 
reference and represents a mirror control circuit for which the threshold varies in direct propoaion to the 
25 ambient light reference ievel. The curve 902 is the threshold for the intermediate reflectance state of the 
three state circuit and the curve 903 is the threshold for the low reflectance threshold of the three state 
circuit. On the log-log plot, the relative slopes of the curves 900 through 903 indicates the relative rate of 
increase in operating threshold versus the ambient light reference level. Ambient light reference levels 
between 0.025 footcandles and 0.5 footcandles are often encountered in suburban and m city orivmg. Note 
30 that for this range and for the mirror circuit of patent 4.443.057, the increase in threshold with increasing 
ambient light reference levels is generally lower than that for the direct propoaionai relationsnio. For the 
three state mirror the increase in threshold with increasing ambient light reference level levels is generally 
greater than that for a direct proportional relationship. This is an advantage over the mirrors using the circuit 
of patent 4,443.057 in that they are very sensitive in the city. A current source is used to supply the front 
35 sensor in the three state circuit. This causes the variation in ambient tight sensor signal level versus the - 
ambient light level to exceed the corresponding variation in the glare causing light sensor signal level 
versus the glare causing light level. The result is an increase in the slope of the glare threshold as a 
function of the ambient light reference level as shown in Figure 5. If desired, the slope of the curves 902 
and 903 may be lessened to a controlled degree by shunting the ambient light sensor with a resistor. A 
^0 lower resistance lowers the slopes of the curves. In this way, the relationship between the average ambient 
light level and the glare threshold levels may be adjusted to meet varying preferences. 

In a microcomputer based implementation, the characterization of the glare threshold versus the 
ambient light reference level may be accomplished in the microcomputer. For example, a look-up table or 
equations may be used to characterize the glare threshold versus the ambient light reference level. 
-15 Referring again to Figure 10, a three state reflectance system, generally designated 30B, is illustrated 
therein. The system 30B is connected to the 12.8 volt automotive supply at terminal T101. to ground at 
terminal T102, and to the back-up light line at terminal T103. The variable resistor R105 is a sensitivity 
adjustment which has an adjustment knob that is accessible to the driver. The light emitting diode D108 
illuminates the controls of the mirror, while the light emitting diode D106 is lighted to indicate that the circuit 
50 has sensed a glare causing light level which is above the glare threshold. The intensity of the light emitting 
diode D106 is varied to indicate the glare level. The light sensors R107 and R110 are cadmium sulfide 
photoresistors which have very low conductivities when dark and whose conductivities increase approxi- 
mately in direct proportion to the light ievel impinging upon them. Each sensor has a resistance of 
approximately 10,000 ohms at 2 footcandles. The light sensor Ri07 is the ambient light sensor and is 
55 positioned to view a relative wide angle through the windshield of the automobile, the elevational viewing 
angle preferably being restricted to about 30 degrees to limit response of the sensor to overhead 
streetlights. The light sensor RllO is the glare causing light level sensor and is positioned to view light 
coming through the rear window of the automobile. The viewing angle of the light sensor RllO is more 
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restnctea. oeing acjusieo lo pick up light from sources which are likely to cause giare m :he --ear/ie-.v 
.Tnrrcr(s). The mirror Ml and cotional aaciiional mirror(s) M2 are me solution phase eiecirccnrcm.ic mirr:r5 
previously cescribec and go to their maximum reflectivities when shorted or open circuitec. Thev co *o :netr 
minimum reflectances when supplied with about i.O volts and to their interm.eaiate refiecrar^e 'eve! wnen 
5 sucpiied by about 0.3 volt at 25C and about 0.55 volts at -20C. The circuit of Figure iQ uses a transistor to 
snort circuit the mirror(s) to drive them to their clear state. This speecs clearing of the eiectrocnromic :aver 
and the resulting transition of each mirror to its clear state. 

tn detail, current from the supply terminal TlOl flows through the resistor RiOl to maintain Circuit 
supply vcftage V102. The zener ciode DiOl conducts when V102 exceeds 6.8 volts ser/mg to iimit and 

ro regulate the vcitage V102. The capacitors ClOl and C102 filter the supply voltage V102. The resistors Ri02 
and R103 form a voltage divider used to establish a reference voltage V103 which is usee as the cay detect 
threshold. The series resistors Ri04 and R105 form a voltage divioer with the glare causing light sensor 
R107 and the series resistor Ri06 to establish a giare causing tight related voltage Vi04. As the giare 
causing light level increases, the resistance of the light sensor R107 decreases thereby aecreasing the 

:5 voltage V104. The resistor R105 ts adjustable by the driver and is set to a higher resistance vaiue to 
increase the sensitivity of the circuit. The resistor R104 establishes the minimum sensitivity of the circuit 
and the resistor R106 limits the minimum vaiue of V104. During the day, the resistances of the sensors 
R107 ana RllO are very low. and the resistor Rl06 causes V104 to exceed Vl06 in this conauion to 
prevent the mirror from going to a reduced reflectance state. The resistor Rl08 and the capacitor C:03 

20 form a short time constant which establishes a relatively short time average V105 of voitage V104. Vi05 is 
used by the circuit as the giare causing light signal, V105 decreasing with increasing glare. 

The resistors Ri32 and Rl33 form a voltage divider to establish a relatively constant voltage V113 at 
the base of the transistor Q108. VI 31 is held nearly constant at a voltage which is about 0.6 voits higher 
than Vn3. Thus, the voltage (VI 02 - V131) across the resistor R109 is nearly constant and so is the 

25 resulting current 12. Because of the high gain of the transistor Q108. i3 is nearly equal to i2 and is also 
nearly constant when the resistance of the light sensor R110 is low enough to sink the current 13. For very 
low ambient light levels, the resistance of the light sensor R110 is very high causing the transistor Ql08 to 
saturate. When the transistor Qi08 is in saturation. VI 06 nearly equals VI 31 and the current (12 - t3) flows 
to the resistor divider through the base of the transistor Q108. V1 13 increases oniy siigntly since the 

30 resistance of the resistor Ri32 is considerably less than the resistance of the resistor R109. When the 
transistor Q108 is saturated, the voltage VI 06 is still within the common mode range of the operational 
amoiifier AMPlOl and. thus, provides a nearly constant threshold against which the glare causing light level 
is compared. This is the desired action since for very low ambient light levels, the sensitivity of human eyes 
to glare remains nearly constant. As the ambient light level increases, the resistance of the light sensor 

35 R110 decreases increasing 13, bringing the transistor Q108 out of saturation and decreasing V106. The 
impedance of the current source which supplies the light sensor R110 is much higher relative to the sensor 
R110 than the impedance (Rl04 + R105 + R106) which supplies the sensor R107 relative to the sensor 
R107. Thus, the circuit is more sensitive to changes in ambient tight level which are sensed by the light 
sensor R110 than it is to changes in the glare causing light level which are sensed by the light sensor Rl07. 

JO The result discussed earlier and shown in Figure 5 is that the glare causing light threshold increases more 
rapidly with increasing ambient light reference level than was the case tor previous circuits. 

The resistor Rn2 forms a time constant of about 22 seconds with the capacitor Cl04 yielding a 
relatively long time average V107 of voltage V106. The operational amplifier AMPlOl is configured as a 
unity gam voltage follower so that V108 is a low impedance voltage which is equal to V107. V108 is the 

45 ambient light reference level referred to in the generalized block diagram. VI 08 decreases with an 
increasing average ambient light level. 

The diode'0109, the resistor R113. and the resistor R114 form a voltage divider which establishes a 
high glare threshold V1 14. In conditions of low average ambient light. VI 08 is relatively high and the effect 
of the voltage drop across the diode D109 on the voltage V1 14 is relatively small. In high ambient light 

50 conditions, most of the voltage drop from V108 occurs across the diode Ol09 causing V114 to fall to nearly 
zero thereby preventing the mirror from going into its minimum reflectance state. With increasing average 
ambient light level, the general effect of the diode D109 is to require increasingly bright glare to cause the 
mirror(s) to go to their minimum reflectance state. The minimum reflectance state is disabled altogether for 
very high average ambient light levels. The mirror(s) spend more time in the intermediate reflectance state 

55 and less time in the low reflectance state when the ambient light level is high. 

As previously noted. VI 08 is the ambient light reference level and VI 05 is the signal which is related to 
the glare causing light level. The operational amplifiers. AMP102 and AMP103. are used as voltage 
comparators. With no glare. V105 is higher than V108 causing the output voltage Vl09 of the operational 
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amonfier AMPi02 to be ;-.,gn and ViOS ,s aiso higher thah Vn4 causing the owDut vctage ViiO nf 
cperatscnai ampnner AMP103 to be high. The high voltage level at Vi09 causes tne aicce Oi03 ^^ concur- 
culling VI 16 high, sucpiying oase current to -he transistor Qi02 through rhe r=sistor Ri20 =nc 
transistor Qi05 through the resistor Rl25. The base currents turn on the transistors Qi02 anc.QiOS ' Sl"c^ 
5 transistors are also turnec on when Vn6 Is pulled high by a high voltage level from back-uo light ■nput 
1 103 wnich pulls VI 16 hign through the resistor Ri22 ana the aiode Ol05. or wnen V1 16 is puiled hign b- 
current through :he cioce Oi04 from a high output of the operational amolifier AMP104 The operational 
amplifier AMP104 is used as a comparator to compare the reference voltage V103 established bv -he 
amder resistors .R102 and R103 against VI 06. VI 06 is low in daylight when the ambient light level ,s nioh 
w causing the resistance of the ambient light sensor Ri 10 to be low. When Vi06 is lower than Vi03 inoica-inq 
a daylight conaition. the output Vil7 of the operational amplifier AMP104 is high. Summarizirg Viis .s 
nigh when glare is low or when a daylight condition exists or when the back-up lichts are -nerciz-c 
inaicating that the automobile is in reverse gear. A high voltage level at V1 16 turns on the 'ransistor Qi02 
holding the reference input V1 1 1 to the mirror supply circuit low turning off the output mirror suooiy voitaqe 
15 Tne hign voltage level at V1 16 also turns on the transistor Ql05 shoaing the mirror(s), thus 'oeedinq t-- 
rate at which they go to their respective high reflectance states. 

As the glare causing light level increases. V105 decreases. When V105 falls below ViQS outout Vi09 
of the operational amplifier AMP102 goes low. If V1 17 is also low indicating the night condition and Vii5 ,s 
also low inaicating that the car is not backing up. V1 1 6 is low and the transistors Ql02 and Ql05 are '-mea 
JO on. With the transistor Qi05 off, the mirror element voltage VI 12 is allowed to nse. With the transistor Qi02 
orf. the input reference voltage vn i is allowed to rise. 

When the transistor Q 102 is off, Viii assumes an intermediate or a high mirror element drive voltaoe 
rererence level depending on whether the transistor QiOl is turned on or off. When glare is mild voltaoe 
V105 IS lower than V108 but higher than Vii4 causing V1 10 to be high and V109 to be low indicating the 
■5 mild glare condition. When VliO is high, current flows through the resistor Rli5 turning on the transistor 
Q 01 and shunting the diode D102 with the resistor Rii6 causing VI ii to assume its intermediate 
reference voltage level. As the glare causing light level increases, Vi05 decreases until V105 falls below 
V1 14 causing V1 10 to go low indicating the high glare condition. The transistor QiOl is turned off removinq 
the shunting effect of the resistor Rli6. The voltage across the diode Di02 increases resulting ,n an 

0 increase in reference voltage Vlli to its high reference voltage level. When Viii is at its intermeciate or 
Its high level and mirror voltage V1 12 is low. the transistor Ql03 is turned on turning on the transistor Ql07 
and supplying current to the mirror(s) through the current sensing resistor Rl29. When VI 12 rises to the 
point that the base to emitter junction of the transistor Q103 no longer has sufficient forward bias the 
current in the transistor Qi03 decreases, decreasing the base drive to the transistor Qi07 and limiting the 

5 voltage VII 2. The voltage Vi 12 is thus regulated at a level which is one base to emitter junction drop lower 
than the reference voltage Viii. This base to emitter voltage decreases with increasing temperature 
causing the difference between Vlli and Vii2 to decrease with increasing temperature. At the intermedi- 
ate level of V1 11. the diode D102 is biased nearly out of conduction and Viii is relatively stable with 
temperature. Thus, the effect of the decrease in the base emitter voltage of the transistor Qi03 with 

5 increasing temperature is to increase the mirror element voltage V1 12 with increasing temperature In the 
intermediate reflectance state, the reflectivity of the mirror elements Ml and M2 decrease with increasing 
temperature. Thus, the increase in the voltage V1 12 with increasing temperature approximately com- 
pensates for the temperature dependence of the mirror elements. At the high level of Vil 1 the diode D102 
IS conducting and the voltage across the diode D102 decreases with increasing temperature causing a 

1 corresponding decrease in reference voltage Vlli with increasing temperature. This decrease approxi- 
mately matches the decrease in the base to emitter voltage of the transistor Qi03. The result is that the 
high level drive voltage remains nearly constant with temperature. This is desired, since it is not desirable to 
overdnve the mirror elements when the ambient temperature is high. 

The status light emitting diode D106 is turned off when no glare is present, is turned on at low 
' bnghtness for moderate glare, and is turned on at a noticeably higher brightness for high glare The 
transistor Qi04 is used to sink current from the diode D106. For no glare, Viii is low turning off the 
transistor Ql04 and the light emitting diode Dl06. For moderate glare, Viii is approximately l 2 volts The 
series resistors Rl23 and Rl24 conduct tuming on the transistor Ql04 and drawing current to dimly light 
the light emitting diode D106. Voltage V1 19 is not high enough to result in significant conduction of Di n 
For strong glare, V1 1 1 is approximately 1.7 volts. The resistors Rl23 and R124 conduct as before and the 
diode Dill IS biased into conduction substantially increasing the current through the resistor R123 and 
brightly lighting 01 06. 

When the total current II to the mirror elements increases, the voltage across the resistor Ri29 
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increases until ine transistor Q106 iurns on civening current from the case of me transistor 0103 .vnicn 
iin-Hts the oase orive to the transistor O107 whtcn limits n. When Vi32 rises to accut 21 /oits. current 
through tne resistor Rl26 and the cioae Dl07 turns on the transistor Qi06 turning off the transistors Ol03 
and Ql07. thus reducing 11 to nearly ^ero. This protects the transistor Ql07 from excessive power 
5 cissipation ana possible secondary breakcown when the automotive supply voltage to the mirror s 
acnormally high. 

The dioce DUO orotects the mirror from negative supply voltage transients and the resistor Ri3G ana 
the capacitor Ci05 iimit the effect on Vi32 of rapidly changing supply voitage transients. The resistor R134 
balances the impedances at the two inputs of the operational amplifier AMPlOl. The octicnal resistor Rl35 

:o provtaes a small amount of positive feedback to prevent very rapid cycling of the mirror cnve circuit. The 
resistor Rl36 limits base current to the transistor Ql07 and the capacitor C1O6 stabilizes the feecback toop 
formed by the transistors Q103 and Q107 and the associated circuitry. 

The glare causing lignt sensor Rl07 may optionally be piacea to receive light that has passec thrcugn 
the anenuating layer of the mirror or of a similar element as shown in Figure 8. The resistor Ri 13 is then 

?5 aecreased to about 3.200 ohms. Operation of the circuit is similar to that aescnbed above except that 
increasing attenuation of the mirror element reduces the glare producing light signal. The result is that the 
control circuit cycles between states whenever the glare is only slightly above a thresnold level. This 
cycling is averaged by the relatively slow response of the mirror(s). The result is limited proportional control 
of the reflectance of the mtrror(s) over a relatively wide range of reflectivities. Additional benefits are that the 

20 Circuit "over reacts" to rapid changes tn light level speeding the response of the mirrors. Also, the control 
circuit responds to changes in reflectivity of the mirror bringing it cioser to the desirea reflectivity. It will be 
understood by those skilled in the art that comparator circuits may be added in a straight-forward manner to 
extend this circuit to four or more drive states. 

The marked advantages of an intermediate reflectance state have been discussed hereinabove. A 

25 primary advantage of the system of Figure 10 is that the relationship between the intermediate and the 
strong glare thresholds is characterized over a wide range of ambient light conditions. With the diode Di09 
shorted, a nearly constant ratio between the glare causing light threshold level at the intermediate glare 
condition to the glare causing light threshold level at the strong glare condition is maintained over a wide 
range of amoient light levels. Furthermore, in such circuit, this ratio may be altered by aojustment of 

30 resistance values to alter the ratio berween the resistor R1 14 and the resistors RI 13 Ril4. As previousiy 
discussed, the ratio is selected so that the glare which the driver sees is limited as nearly as possioie to a 
level that is just below that which will cause discomfort. Also, the discomfort causeb by glare must be 
balanced against the need to see detail. In brightly lighted city driving, it is necessary to see more detail. 
The diode D109 is included in the circuit in order to temper the ratiometric relation described above so that 

35 the ratio between the glare causing light threshold level at the intermediate glare condition to the glare 
causing light threshold level at the strong glare condition is increased as the ambient light reference level 
increases. The result is that under brigntly lighted city driving conditions, the mirror assumes its minimum 
reflectance state only when glare is extremely bright. A realistic balance is thus achieved between the 
driver's comfoa and the driver's need to see. 

JO Since light levels encountered by the driver vary by many orders of magnitude, a change in light level 
of even two to one is only mildly noticed by the driver. Prior commercially acceptable nonglare mirrors have 
oniy two reflectance states with the bright state being about twenty times brighter than the dim state. With 
these mirrors any change in reflectance is by a factor of twenty, which is a very noticeable increment that is 
often too targe, while smaller factors of two or three may not even be noticed by the driver. In connection 

-is with a driver's perceptions, a control should be considered generally equivalent if the results are perceived 
to be the same by the driver. Thus, when terms such as ratio, constant, and increasing are used herein, 
they should be interpreted in a correspondingly general sense. For example, in the foregoing discussion, 
the important fact is that, when ambient lighting is relatively bright, the mirror assumes very low 
reflectances only when glare is very strong. 

50 An identification of and/or typical values for the components of the system illustrated in Figure 10. 
which are described hereinabove, are as follows: 

Resistor 270 ohm, IW 

Resistor 680 K ohm 

Resistor 10 K uhm 



RlOl 
R102 
R103 
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Resistor 


20 K ohn: 


5 


R105 


Resistor 


2.2 M ohn: 




Ri06 


Resistor 


15 K oh.T. 




R107 


Photocei! 




:0 


RIOS 


Resistor 


220 K ohrr. 




R109 


Resistor 


100 K ohm 


.*5 


RllO 


PhotoceU 




Rli2 


Resistor 


390 K ohm 




Ri 13 


Resistor 


22 K ohm : 


20 


RIN 


Resistor 


15 K ohm 




r:i5 


Resistor 


10 K ohm 




R116 


Resistor 


22 ohm 


25 


RUT 


Resistor 


i K ohm 




RllS 


Resistor 


l.S K ohm 




R119 


Resistor 


' 470 ohm 


30 


R120 


Resistor 


10 K ohm 




RI21 


Resistor 


10 K ohm 


35 


R122 


Resistor 


1 K ohm 




H123 


Resistor 


270 ohm 




R124 


Resistor 


1.2 K ohm 


-to 


R125 


Resistor 


■ 1.5 K ohm 




R125 


Resistor 


2.2 K ohm' 




RI27 


iv.coii tor 


ion — . t, 

lUO Ohm 












RI28 


Resistor 


470 ohm 




RI29 


Resistor 


1.8 ohm, 1/2 


50 


R130 


Resistor 


10 ohm, 5 W 




R. 


Resistor 


I K ohm 
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22 




EP 0 



KI32 


r:es:5:or 


Ri33 




R13 4 


Resistor 


RI35 


Resistor 


R136 


Resistor 


. CIOl 


Capacitor 


C102 


Capacitor 


CI03 


Capacitor 


C104 


Capacitor 


CI05 


Capacitor 


ClOo 


Capacitor 


DiOl 


Diode 


Di02 


Diode 


D103 


Diode 


DI04 


Diode 


Di05 


Diode 


D106 


Diode 


D107 


Diode 


DiOS 


Diode 


D109 


Diode 


DUO 


Diode 


Dill 


Diode 


QlOl 


Transistor 


Qi02 


Transistor 


Q103 


Transistor 


Q104 


Transistor 


Q105 


Transistor 
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15 K ohm 

15 K ohm 

220 K ohm 

Open 

100 oh" 

47 mfd. 

.022 mfd. 

.022 rr.fd. 
47 .-nid. 
100 mfd. 
.001 mfd. 
iN414S. 9.1V 
1N4148 
1N4148 
1N4148 
1N4004 

LED - ROHM SLH 5G M 

1N4148, 18V 

LED - ROHM SLH 56 M 

1.V414S 

1N4004 

1N414S 

2N3904 

2N3904 

MPSA06 

.2N3904 

2N2222A 
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•0 



20 



30 



35 



QlOG 


Transisco:* 




\" '\ Q n ^ 


Q107 


Transistor 




T r PI rt p 


QIOS 


Transistor 




Q n h 


AMPlOi 


Ooe^aiionaJ 


A m n i 1 f i p 






Operational 


Amplifier 


^ L^;324N 


AMP103 


Operationai 


Amplifier 


i L.M324N 


AMPi04 


Operational 


Amplifier 


^ LM324N 



It wiii be unaerstood that these values and/or descriptions may be varied depending upon :he pamcuiar 
application of the principles of the present invention. 

In Figure 13 a family of curves 1301 through 1306 is depicted showing mirror reflectance in percent 
versus glare causing light level for six different ambient (front) light levels. The circuit for me mirror is the 
one shown in Figure iO. White the mirror is the one iUustrated in Figure 1. ;he glare causing light being 
sensed after one pass ihrough the attenuating layer of the mirror as shown in Figure 3. The mirror gees 
from a high reflectance of over 80 percent to an intermediate reflectance of about 22 percent to a low 
reflectance of about 7 percent. Note the sloped portions a ana c of the curves. The data cepicted in Figure 
13 was taken at a slow rate so that time response of the mirror does not have a significant effect on the 
shape of the cun/es. As described earlier, the sloped gradual transitions in the reflectance of the mirror arise 
from sensing the glare causing light after it has passed through- the attenuating layer of the mirror. As 
shown in Figure 13. with the front dark, the mirror reflectance 1301a falls below 80 percent at 0.0018 
footcandles and below 8 percent at 0.021 footcandles so as the glare causing light level has mcreasea by a 
factor of just over 10. the reflectance of the mirror has decreased by a factor of 10. maintaining a nearly 
constant light level at the driver's eyes. With increasing forward light level in progressing from curve 1301 lo 
curve 1306, the trend is to increase the tight level range for which the mirror stays in the intermediate state. 
With 0.4 footcandles on the front, the curve 1306 stays in the intermediate state 1306b ana the mirror cces 
not go full dark. Thus in higher ambient light surroundings where traffic is often heavier and rear visibility 
more important, the mirror allows the glare causing tight level which the driver sees to increase before it 
goes to its minimum reflectance level. In very high ambient light conditions the mirror is compietely 
disabled from going to its full dim state. This is an optional feature which may be optimized by shunting 
D109 of Figure 10 with a resistance in the range of 5000 ohms to 100.000 ohms. To minimize or eliminate 
the feature. Di09 can be shorted and Rn3 increased to about 15.000 ohms. At 0.025 footcandles on the 
front sensor, the sensitivity is significantly reduced from that of curve 1301 as shown by the curve 1302. 
With ambient tight levels below O.OlO footcandles, the sensitivity remains essentially equal to that shown by 
the cun/e 1301 with the front sensor dark (zero ambient light level). As the forward light level increases by a 
factor of eight from 0.025 footcandles (curve 1302) to 0.2 footcandles (curve 1305). the glare causing light 
threshold at which the mirror begins to dim increases by a factor of 10.9 from 0.0034 footcandles to 0.037 
footcandles. This is in line with the objective to increase the glare causing light threshold at a slightly more 
rapid rate than that at which the glare causing light level increases for a normal operating range of the 



mirror. 



Another embodiment of the invention is illustrated in Figure 11. the system 30C of Figure 11 being 
configured to measure glare causing light after partial attenuation. The system of Figure 1 1 is further 
configured to control the reflectance of the mirror continuously over its entire reflectance range. In this 
embodiment of the invention, the ambient light level, the partially attenuated glare causing light level, and 
the optional sensitivity calibration setting are inputs which are processed by the circuit. The circuit of Figure 
1 1 establishes and outputs the desired mirror drive signal to control the reflectivity of the mirror. The control 
algorithm of the circuit very closely approximates the one which was assumed in the sections on 
"IVleasurement of Glare After Partial Attenuation". 

Referring to the simplified circuit block diagram in Figure 12. a power supply circuit 705 receives power 
from the automotive 12.8 volt supply, limits transients from the supply, and provides a regulated positive 
and an intermediate reference voltage for the operational amplifier circuit. The intermediate reference 
voitage level is positive relative to the ground of the automotive supply and negative with respect to the 
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regulated cositive voitage. in ait ciscussions which follow, it is assumed that the commcn 'eaa :f :r.e 
voltmeter usee to measure circuit voltages is connected to the reference voltage :ine. Sucn a connection 
causes the reference voltage level to be read as zero voits. the positive reguiatea suooiy to be reac as 
about -^6.3 volts, anc the automotive ground or negative supply to be read as about -2.S voits^ 
5 The means 700 to sense ambient light outputs a voitage V204 whicn varies in aoproximate inverse 

orocoaicn to the ambient light level. The long time average 701 averages input signal V204 with a 22 
secona time constant outcuning a time averaged signal 7205. V2G5 is the ambient light reference signal 
which was described hereinabove. Since V205 is the time average of the reciprocal of the amcient lignt 
!evel. V205,cecreases with increasing average ambient light level. The circuit 702 is a vanaole gain block 

•0 wntch senses the glare causing light after it has passed through the attenuating layer of the mirror. The 
optional sensitivity aajustment rheostat changes the gam constant of the variable gain block, the gam of the 
block being approximateiy proportional to the glare causing light level. The amoient reference signal V205 is 
the input to the gain block 702 and V206 is the output. The magnitude of the output signal V206 increases 
with an increase m the magnitude of the input signal V205 or with an increase in the gain of the circuit. 

-■5 Thus, the magnitude of V206 decreases with increasing average ambient light level and increases witn 
increasing glare causing light level. The magnitude of V206 indicates the required reduction m the 
reflectivity of the mirror. When the magnitude of V206 reaches about 0.6 volts, the control circuit begins to 
reduce the reflectivity of the mirror. As the magnitude of V206 increases above 0.6 volts, the control circuit 
progressively reduces the reflectance of the mirror until the mirror is driven to its minimum reflectivity when 

20 V206 reaches its maximum magnitude of 2.8 voits. 

The mirror reflectivity control 703 includes a threshold detector and signal shapmg network to establisn 
a mirror drive voltage which yields a desirable functional correspondence between the voitage V206 and the 
reflectivity of the mirror. The desired functional correspondence is one for which the mirror remains clear 
until V206 increases to about 0.6 volts. The sensitivity of the circuit is adjusted so that a value of 0.6 voits 

25 for the magnitude of V206 corresponds to the light level that the driver perceives as the onset of glare m a 
clear mirror. For fuaher increases in the magnitude of V206. the reflectivity of the mirror is reduced so that 
the light level which the driver sees remains approximately constant unless the glare is so strong that the 
reflectivity of the mirror cannot be further reduced. However, the relationship just stated is not the optimum 
objective in all cases. Since visibility is normally reduced with decreasing reflectivity of the mirror, it may oe 

30 desirable to "under compensate" to some degree allowing glare which the driver sees to increase m.ifcly as 
the reflectivity of the mirror is reduced. A minor modification, such as the one just described, in the control 
aigonthm does not invalidate the previous description of the sensing of glare causing lignt after paniai 
attenuation. Although the equations in the mathematical description do not exactly apply to the mcaified 
algorithm, the relationships shown and the reduction in the effects of errors by viewing glare atter paaiat 

J5 attenuation are still generally correct. The modification is accomplished by tailoring the shaping network so 
that the reflectivity of the mirror is not decreased quite so much in response to a given incremental increase 
in the measured glare causing light level. The desired mirror control characteristic is attained by tailoring 
the shaping circuit 703 to yield the desired correspondence between the magnitude of V206 which is 
indicative of the glare level and the mirror drive voltage which determines the reflectivity to which the mirror 

-10 element is driven. 

The mirror 704 is an electrochromic -mirror of the type described previously. This embodiment of the 
invention relies on the averaging effect of the relatively slow response of the mirror to prevent annoying 
erratic changes in the mirror reflectivity. With the mirror of this embodiment of the invention, the rate of 
decrease in reflectivity due to an incremental increase in the glare level is generally much faster than the 

^5 rate of increase in reflectivity due to a similar incremental decrease in the glare level. The rates of response 
vary considerably with conditions so that it is difficult to provide precise numbers. When subjected to strong 
glare, the mirror in this embodiment colors substantially in less than three seconds. Since the coloring 
begins almost immediately, this element response speed has been found to be adequate. However, if 
desired, an increase in the speed of coloring may be provided. The mirror of this embodiment clears 

50 substantially in about six seconds. While preferences vary among various drivers, this has been found to be 
a generally desirable clearing rate. In this embodiment, a resistor in parallel with the mirror provides a 
discharge path which affects the speed of clearing of the mirror. An increase in the value of the resistor or 
total elimination of the resistor to give an open circuit shows clearing of the mirror without significantly 
changing the speed with which the mirror colors. A decrease in the resistance value speeds clearing of the 

55 mirror. In summary, the mirror is substantially faster in the rate of coloring than in the rate of clearing and 
means is provided to adjust the speed of clearing thereby controlling this balance. 

When using a fast resoonding mirror, filtering may be added in the signal path at any point following the 
block 702 or as a combined poaion of block 702. This filtering is preferably biased to allow relatively fast 
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response m making large steps to a lower renectance. In this way. resoonse of the mirror ro stmng -:£r- 
remains rapid but the rate that the reflectivity of tne mirror fluctuates .n resoonse to fluctuatinq -ia?e - 
limited. 'a 3 - 

The aay detect and back-uo inhibit circuit 706 inhibits a decrease in the reflectance of the «n.rror wren 
5 the automobile is m reverse gear and when tight sensed by the ambient light sensor exceecs a :hresncia 
above which it is either oaylight or dimming of the mirror is largely unnecessary. 

Referring again to Figure 11. the mirror terminal T201 is connected to the i2.8 volt automotive sucoiy 
which IS switcheo by the vehicle ignition switch. The terminal T202 is connected to ground and the term.nai 
T203 is connectea to the back-up light circuit. The potentiometer R213 is a sensitivity aciusiing rheostat 
w wnicn IS optionally accessible to the ariver. The sensors R207 and R21 1 are cadmium sulfide ohotcconcuc- 
tive photosensors. The sensor R207 is positioned to sense the ambient light level to wnicn the driver ts 
subiected. white the sensor R211 is positioned as shown in Figure 8 to sense the glare causing lignt tevel 
The glare causing light is sensed after being partially attenuated by one pass through the attenuating iaver 
of the mirror. ' 

/5 The suoply voltage V202 is maintained by current from the current limiting resistor R201 The --ner 
diode D201 conducts to clamp the voltage V202 at 9.1 volts relative to V2ll. The caoacitor C20i is a Miter 
capacitor for V202. V202 is the positive operational amplifier circuit suoply; ground is the negative 
operational amplifier circuit supply: and V203 is the operational amplifier common or reference voltage All 
voltages in the description which follows are referenced to V203. For voltage readings rhe voitme^-r 
20 common is on V203. The series resistors R202. R203. R224 and R204 form a-/oltage divicer to estacfis^h 
the operational amplifier reference voltage V203 and day detect reference voltage V212. The resistor R202 
IS adjusted to set V203 to the aesired voltage relative to V202.and V2ll. The resistor R202 is adjusted ^o 
that V211 is -2.8 volts. The diode D202 blocks reverse current: the resistor R2l9 limits current: and rhe 
capacitor C205 limits voltage transients to the transistor Q203. The resistors R206. R209, ana R225 supply 
reference voltage V203 to the noninverting inputs of the operational amplifiers AMP201. AMP202 ana 
AMP203. respectively. The operational amplifier AMP201 supplies a constant current to the sensor R207. 
The level of the current is established by the resistor R205 which has a voltage V202 across it. 
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20 



35 



-to 



45 



50 



V204 = - V202-R207/R205 

Since for the conductance G207 of R207. 

1.G207 = R207. 

V204 = - V202'(R205'G207). 

The time constant of the averaging circuit with AW\P202 is 

R210'C204 = 22 seconds. 

V205 = - (22 secpnd time average of V204). 

Since V204 is proportional to 1/G207 and G207 is approximately proponionat to the ambient light level 
V202 is approximately proportional to the reciprocal of the ambient light tevel. Thus. V205 is approximately 
proportional to the time average of the reciprocal of the ambient light level. 

The resistor R221 limits the gain of the circuit of the operational amplifier AMP203 when the illumination 
of the sensor R211 is high making the resistance of the sensor R2l 1 low. This prevents the mirror from 
colonng during normal daylight conditions and does slightly decrease the sensitivity of the mirror in high 
ambient light situations. During normal night driving, the resistance of the sensor R21 1 is so high that the 
resistor R221 can be neglected. The resistor R221 is neglected and the optional shaping network R231. 
R232. D203 and D204 are omitted for the equations which follow. Let 

RF = R212 + R213. 



Then, 

55 V206 = - V205'RF.R21 1 . Since for the conductance G2l 1 of R2l 1 . 
G211 = 1/R211. 
V20G = - V205'RPG211. 
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Since G2 11 ts apcroximateiy proponionai to the measured giare causing Mght level. V206 is aoproximcr^^y 
prcconionat to the procuct of the measured giare multiplied by the time average of :he r9c:croc3i cr Te 
ambieni ;ignt levei. RF mcJuaes the sensitivity aciusiing meostat and is a factor m the exoression for 72n6 
Thus, rhe rheostat is usee to scaie V206 to the oesired level so that -0.6 voits represents the onset of giare 
When the giare causing lignt ievei is low. the resistance of the sensor R2ii is high and the gam -4 -ne 
cceranonal amplifier AMP203 circuit low. V206 is nearly ^ero volts. As the glare causing ^ht'^eve* 
increases. V206 becomes increasingly negative. When V206 is about -0.6 voits. the transistor Q201 turns cn 
puiling V208 from -2.3 voits to -1.9 voits. The mirror voltage (V209 - V2l 1) .ncreases to aoout .45 vcits anc 
begins to reduce the reflectivity of the mirror. As glare increases fuaher. V206 decreases towarc the -2.3 
voit negative supply and the ocerational amplifier AMP204 in coniunction with the summing resistor R2i4. 
feedback resistor R2i5 and emitter follower output stage Q203 increases the voitage {V209 - V2n) to about 
1.0 voits. This drives the mirror to its minimum reflectivity. 

When glare decreases. V206 becomes less negative, and the mirror voitage (V209 -7211) decreases. 
With a large enough decrease in the mirror voltage, the charge stored in the mirror discharges through tne 
resistor R220. The value of the resistor R220 is chosen to establish the desired clearing rate of the mirror. 
This rate decreases by about two to one as the resistance of the resistor R220 is increased from a low :o a 
high value. 

The shaping and drive circuit just described establishes the required relationship berween V206 and the 
reflectivity to which the mirror is driven. The circuit closely follows the oertormance cescnbeo m ^he 
sections on "Measurement of Giare After Partial Attenuation". In particular, this emoooiment comes very 
ciose to the algorithm described in the mathematical descnption. The aiscussions on increased sceea cf 
response and on the reauced effect of errors in the establishment of the mirror element reflectivity appiy. 

When the back-up tights are on. the voltage at T203 causes the resistor R223 to conduct turning on the 
transistor Q202 and puiling the voltage V208 at the noninyerting input of the operational amplifier AMP204 
low. This causes the mirror dnve voltage (V209 - V211) to fall allowing the mirror to ciear. V204 is negative 
and decreases in magnitude but increases in value as the ambient light levei increases. At approximately 
one footcandle. V204 exceeds V212. The output of the comparator COMP201 turns on pulling V208 low and 
preventing the mirror from Decreasing in reflectance. 

The diodes D203 and D204 and the resistors R230. R231 and R232 are components of an ootional 
shaping network modification. The diodes D203 and D204 are reolaced by shorts when not used and tne 
other components are open circuited when not used. The modification is usea to characterize the shaping 
network for use with a glare causing light sensor which views light directly rather than after it has passea 
through the attenuating layer of the mirror. The resistor R230 makes the base of the transistor Q201 more 
negative turning on the transistor Q201 for smaller negative excursions of V206. For small negative 
excursions of V206. the diodes D203 and D204 do not conduct significantly allowing the ratio of (R23l + 
R232) to R231 to increase the gam of the operational amplifier AMP203. As V206 becomes increasingly 
negative the ciodes 0203 and 0204 conduct shunting out the resistor R232 and decreasing the gain of the 
operational amplifier AMP203. The combined effect of this decrease in gain for larger negative excursions of 
V206 and of the more sensitive threshold of the transistor Q201 is to require a greater percentage change m 
the glare causing light level which strikes the glare causing light sensor to drive the mirror from its full bright 
to Its full dark state. Such an increase is required to substitute for the removal of the attenuating layer of the 
mirror from the light path to the glare causing light sensor. 

An identification of and/or typical values for the components of the system illustrated in Figure 11. 
which are described hereinabove, are as follows: 
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'0 



?5 



R201 
R202 
R203 
R204 
R205 
R206 
R207 
R20S 



Resistor 

Resistor 

ResistO!' 

Resistor 

Resistor 

Resistor 

Resistor 

Resistor 



110 ohm. 2 W 

1 K ohm potentiome 

i.S K ohm 

i K ohrr. 

1.5 :M ohm 

10 K ohn 

Photocell 

220 K ohm 



20 



25 



30 



40 



45 



50 



55 
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Resisccr 

R210 Resistor 

R2:l Resisior 

R2I2 Resis:cr 

R2 13 Resistor 
Resistor 

R215 Resistor 

R216 Resistor 

R2i: Resistor 

R2 1 ; Resistor 

R2:9 Resistor 

R220 Resistor 

R221 Resistor 

R222 Resistor 

R223 Resistor 

R22-; Resistor 

R225 Resistor 

R23Q Resistor'* 

R231 Resistor'- 

R232 Resistor-* 

C20I Capacitor 

C202 Capacitor 

C203 Capacitor 

C204 Capacitor 

C205 Capacitor 

D201 Diode 

D202 Diode 



^00 K ohm 
220 K oh" 
Photocell 
iOO K ohr. 
2 M ohn 
39 K ohm 
12 K ohm 
100 K ohm 
32 K ohm 
29 K ohm 
10 ohm. 3 
15 ohm 
22 K ohm 
4.7 K ohm 
27 K ohm 
15 ohm 
470 K ohm 
1.5 megohm 
33 K ohm 
100 K ohm 
47 mfd. 
47 mfd. 
.022 mfd. 
100 mfd. 
100 mfd. 
1NM739A 
1N4004 
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D20o 


Diode' 


1NM14S 


D20-; 


Diode' 


iN4i4S 


Q201 


Transistor 


2N3906 


Q202 


Transistor 


2N3904 


Q203 


Transistor 


TIP29 


CO;M?201 


Comparator 


1/2 of LM393 Dual Comparator 


A:v!P20i 


Operational Arr^plifier 


i LiM324 


AMP202 


Operational Amplifier 


i LM324 


AMP203 


Operational Arr.piifier 


i LM324 


AMP204 


Operational A~piifier 


i LM324 


" Short : 


o delete option. 




Open 


to delete option. 





If wiil be understood that these values and/or descriptions may be varied deoending upon the oanicular 
application of the principles of the present invention. 

Figure 14 is a composite of three plots of mirror reflectance and of the level of the reflected light which 
the dnver sees. These plots as well as the ones in Figures 15 and 16 are taken with a constant -mbient 
lignt level. If ambient light was varied, each plot would expand into a family similar to the family of plots m 
ngure 13. The control circuit of Figure 2 and the parallel plate mirror of Figure 1 are used for each of the 
three plots of Figure 14 but the glare sensor configuration is different for each as described below The 
plots demonstrate a progression of improvements in mirror performance. The same mirror is used for the 
plots so that the constant high reflectance portion 1001 A and the associated light lOOlB which the ariver 
sees IS Identical for each of the three plots. Likewise, the constant low reflectance oonion i003A and me 
associated light 1003B which the driver sees is identical for each of the three plots. The sensor 
configuration atrects the active variable reflectance portions 1002A1, 1002A2, and 1002A3 of the three 
respective plots and the associated light levels i002Bi. 100282, and 100283 which the driver sees 

For reflectance plot 1002A1 and the reflected light 100281 that the driver sees, glare causing light 
which has not passed through the attenuating layer of the mirror is sensed by a single photocell. This yields 
the poorest performance of the three since the light level which the driver sees at lOOSBl decreases by a 
factor of ten relative to its level at the glare threshold point 10048 very severely limiting the driver's ability 
to see detail in the rearview mirror. 

For reflectance plot 1002A2 and the corresponding light 100282 that the driver sees, glare causing light 
which has not passed through the attenuating layer of the mirror is sensed by a first photocell and glare 
causing light which has passed through the attenuating layer of the mirror is sensed by a second matched 
photocell which IS placed electrically in parallel with the first photocell. The conductance of each photocell 
increases in approximate proportion to the light which strikes it and the conductance of the oarallel 
photocells IS equal to the sum of the conductances of the individual photocells, I.e. approximately equal to 
the summation of the light passing through the attenuating layer and the light which is not varied by the 
attenuating layer. A current supplied to the parallel photocell combination causes the voltage across the 
cells to vary in relation to their parallel conductance, i.e. to the summation of the light levels striking them 
Furthermore, the control circuit serves to hold this voltage neariy constant. This prior art configuration yields 
very poor performance since the light level which the driver sees at 1005B2 decreases by a factor of seven 
and one halt relative to Its level at the glare threshold point 10048 severely limiting the driver's ability to see 
detail in the rearview mirror. 

For reflectance plot 1002A3 and the corresponding light 100283 that the driver sees, glare causing light 
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wmch has passed througn the anenuating layer of -he mirror, as shown m Figure 3. is sensed by a singie 
chotoceii. This yteics :he best penormance of *ne ihree since -he light :evei which :re driver sees at 
i005B3 '-ecreases by a factor of Two ana one haif relative to its level at the giare thresncic comt 100*^3 
mi!c!y iimiting the criver's ability to see detail in the rear;iew mirror. Such a mirrcr :s a c:ear^*miprovement 
5 over the prior art anc is generally cesirable. However, the mirrors of Figures 15 ana 16 wnicn inciuce 
snaping of the arive signal :o tne mirror element yield a significant funher improvement -n cr.aracrenzation 
of the relationship osr^een the iight which the driver sees versus giare causing light !evet. 

Figure 15 is a plot simiiar in form to the plots of Figure 14. Mirror reflectance anc the !evei cf the 
reflected light which the driver sees are shown using the circuit of Figure 1 1 . the mirror element of Figure i . 

■ 0 and the through the layer sensor configuration of Figure 3. The circuit of Figure 1 1 shapes the arive signat 
to the mirror element to obtain the desired reflectance versus glare causing light level characteristic. Fcr !ow 
iight levels the mirror maintains a constant high reflectance 1101 A ana nearly ail of the lignt is refiecteo to 
the driver as indicated by i lOIB. At 1 104A the glare threshold is cetected and in ponion 1 102A of the plot 
the mirror reflectance aecreases with increasing glare causing light level. The corresponcing iight !evei 

:5 n02B which the driver sees increases gradually with increasing glare causing light level. At n05B the 
glare causing iight level has increased by a factor of ten (1000 percent) from the level at the threshold pctnt 
1104B and the light the driver sees has increased by about 40 percent. Thus in its ccntroilaoie range, the 
mirror reflectance changes to hold the light level that the driver sees to an almost constant level. The licht 
level the criver sees is allowed to increase moderately with increasing glare causing light 'evel to maintain 

20 better visibility as aiscussed previously. This is the rnirror control characteristic which the inventors consider 
to be nearly ideal. Other individuals may desire a different objective - for example, to hold the iight that the 
driver sees to a constant level through the control range of the mirror. The shaping network in the circuit of 
Figure 1 1 has enough flexibility that persons having ordinary skill in the art can make changes which wiil 
tailor the circuit for such modified objectives. At n03A the mirror has reacned its minimum reflectance 

25 value. The mirror has thus reached the end of its controllable range and the light 11038 which the driver 
sees must be allowed to increase. 

Figure 16 is nearly identical to Figure 15 except that the threshold point 1204A is somewhat cifferent 
than the corresponding threshold point 1104A of Figure 15. The position of the threshold is controlled by 
the sensitivity setting of the mirror and is an incidental rather than a primary difference. The primary 

30 difference is that in Figure 16. the glare causing light is sensed directly without first going througn the 
attenuating layer of the mirror and the optional shaping network has been added to the circuit of Figure ) l . 
Note the greater dip in curve 1202B just to the right of threshold point 1204B. The partial feedback resulting 
from viewing glare causing light through the attenuating layer is the main factor which reduces the 
corresponding aip in curve 1102B of Figure 15. Small adjustments in the shaping network used or a more 

:5 elaborate shaping network could reduce either of these dips, but the improvement in performance from so 
doing would probably not be perceptible to a driver using the mirror. Because of the similanty in the piots of 
Figures 15 and 16, a detailed description will not be repeated, but two imponant points should be noted. 
First, viewing glare causing light througn the attenuating layer of the mirror, although a desirable enhance- 
ment, ts not necessary to achieve many of the objectives of the invention, one of which is to provide a 

-JO control which maximizes the driver's ability to see while minimizing annoying or disabling glare. Secondly, 
the use of shaping networks is a great improvement over prior art devices and allows the flexibility to 
maintain a desirable mirror control characteristic under a wide variety of mirror and control circuit 
configurations. Without addition of the optional modified shaping network, the control characteristic 1202B 
would have more nearly resembled that of 100283 of Figure 14. 

J5 From the foregoing, it will be appreciated by those skilled in the art that the relatively slow response of 
the mirror is used to prevent the abrupt and the erratic change in reflectance level which are associated with 
most other variable reflectance mirrors. The continuous change in the reflectivity of the mirror provides 
continuously variable reflectance for each of the embodiments illustrated and described herein. The multi- 
state and the continuous "gray scale' circuits each have special refinements in the reflectance control 

50 algorithm which minimizes glare that the driver sees under various driving conditions while keeping the 
reflectivity of the mirror high enough to maintain good visibility. Glare is optionally sensed after attenuation 
in the mirror element. This improves the accuracy of the reflectance control and reduces the range of the 
glare causing light level signals to which the circuit must respond. It causes the two state and the three 
state circuits to rapidly switch between mirror drive states for certain ranges of glare causing light levels. 

55 This rapid switching of the mirror drive signal creates a continuous, pulse modulated variation in reflectance 
which corresponds to changes in the glare causing light level. 

The present invention allows the glare causing light threshold to be increased more rapiaty with S 
increases in the ambient light reference level. In the three state control circuit, the functional relationship 
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ber/veen the amoient ;ight reference level and the glare causing light glare thresnoic level .s sucn :nat 
coubimg the average amcieni lignt level more :han coubies the giare causing licht :hresnoia for a 
substantial ponicn of the operating range for whicn the mirror reduces giare. This feature largely overcomes 
compiaints respecting prior avanabie automatic mirrors that are too sensitive m the city. iVith c:rcutt 
modifications, this feature may also be appiiec to the other control circuits mciuaing :ne automatic :wo 
position prism mirror. 

In the three state embodim.ent. as the ambient light level increases, there is a range of high ambient 
light reference levels for which the mirror still may traverse to the intermediate reflectance level but for 
which the mirror is prevented from assuming its minimum reflectance level. This prevents the mirror from 
getting too dark to see clearly in brightly lighted city oriving situations. 

In the three state embodiment, the ratio of the glare causing light threshold level which causes the 
mirror to go to its intermediate reflectance level to the glare causing light thresnotd level which causes the 
mirror to go to its minimum reflectance level is increased at the higher ambient light leveis wnich are 
normally encountered in city and suburban driving situations. Thus, in areas of relatively high average 
ambient tight level, the mirror goes to its lower visibility minimum reflectance state only when giare is 
extremely bright. 

When additional sensor(s) are used to sense glare causing light on the outside mirror(s). these sensors 
with their associated circuits are maoe less sensitive to giare than the inside glare causing iight sensor. The 
outside sensors still respond to glare from vehicles which are ciose and to the side so as to cause glare m 
one of the outsiae mirror(s)- while not being detected by the inside sensor. The reouceo sensitivity 
minimizes nuisance actuations of the mirror due to stray light pickup by the outside sensor{s). 

While preferred embodiments of the invention have been illustrated and described, it will be understood 
that vanous changes and modifications may be made without departing from the spirit of the invention. 

Claims 

1. An automatic rearview mirror system for automotive vehicles, comprising a first electrochromic mirror 
_ having at least a full reflectance mode and a partial reflectance mode and the reflectivity of which 

vanes a function of an electrical signal applied thereto, said first electrochromic mirror being cisposed 
in the interior of a vehicle, a second electrochromic mirror having at least a full reflectance moae ana a 
partial reflectance mode and the reflectivity of which also varies as a function of an electrical signal 
' applied thereto, said second electrochromic mirror being disposed on the exterior of said vehicle, first 
photoelectric sensor means earned by said first electrochromic mirror and effective to detect light 
fon/vardly of the vehicle and generate a corresponding forward electrical signal indicative of the forward 
iight level, second photoelectric sensor means carried by said first electrochromic mirror and effective 
to cetect light rearwardly of the vehicle and generate a corresponding rearward electrical signal 
indicative of the rearward light level, and means operable to apply an electrical control signal to each of 
said first and second electrochromic mirrors to change the reflectivity of each of said first and second 
electrochromic mirrors as a function of said fon/vard electrical-signal and said rearward electrical signal. 

2. A mirror system according to claim l. including means (304) for controlling the sensitivity of said 
sensor means. 

3. A mirror system according to claim 2. wherein the means (304) for controlling the sensitivity of said 
glare sensor means are manually adjustable (109). 

4. A mirror system according to claim 3. wherein light emitting diode means (D108) are provided 
illuminating said means (R105) for manually adjusting the sensitivity of said glare sensor means. 

5. A mirror system according to any preceding claim, wherein means (D3.C4) are provided effective to 
cause said first electrochromic mirror (308) to exhibit its maximum reflectivity responsive to interruption 
of electrical power to the system. 

6. A mirror system according to any preceding claim, wherein means (122.125) are provided for limiting 
the voltage and/or the current of the signal applied to said electrochromic mirror. 

7. A mirror system according to claim 6. which has a power supply (309). and a power supply over- 
voltage detection means (117) inhibiting drive voltage to said electrochromic members when the power 
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supply voitage exceecs a preaetermtned value. 

3. A mirror system as claimed m any prececing claim, wherern means ni4) are mciucea fcr crovicir.o a 
moving weignteo time average of -he sensed ambient iight tevei signal sensea by sa^c rirst senscr 
5 moepencent of the glare causing iight level signal sensed by saic second sensor. 

9. A mirror system accorcing to any preceaing claim, inciuaing means fli4) for providing a smoothmo 
time averaging effect on the forwara light level electrical signal and acting on this eiecrncai signai :o 
produce a filtered ambient iight level electrical signal inaepenaent of the glare causing rearArarc iignt 
iQ :evei electrical signal, and means {118.1 21. 124) operable to apply an electrical signal :o said mirrors 
(Ml.M2.M3) to change said mirrors between reflectance modes as a function of :he output of saia 
filtered electrical signal from said fon^ard light sensor (n 1.114) and said electrical signai from sata 
rearward sensor (108). 

TS 10. A mirror system accorcing to any preceaing claim, including means (R8.R8A) for cecreasing :he 
sensitivity of said second sensor means when the ambient light level as sensed by the first sensor 
means exceeds a predetermined value. 

11. A mirror system according to any preceding claim, including means 11 15) effective to prevent recucticn 
20 in the reflectivity of said mirrors when the amoient tight as sensea oy said first sensor means exceecs 

a predetermined value. 

12. A mirror system accorcing to any preceding claim, including means (113) for preventing significant 
response to the electrical signal generated by said first sensor means (ill) when the light aetectea by 

25 said first sensor means is below a predetermined value. 

13. A mirror system according to any preceding claim, including means (123) for short circuiting the 
electrical signal applied to said mirrors when a high reflectance level is required. 

30 14. A mirror system according to any preceding claim, including means (1 16) for inhibiting reduction tn the 
reflectance of said mirrors when the vehicle is in reverse gear. 

15. A mirror system according to claim 15, wherein said second mirror (M2) has an additional photoelectric 
sensor means (R9A) effective to detect said glare causing light level ana to generate an additional 

j5 electrical signal indicative of the glare causing light level impinging thereon. 

16. A mirror system according to any preceding claim, including means (505) for mechanically shielding 
said second photoelectric sensor means (504) from light emanating from predetermined oirections. 

■iO 17. A mirror system according to any preceding claim, including means (D106) for indicating the mode 
status of said electrochromic mirrors, 

18. A mirror system according to any preceding claim, wherein each electrochromic mirror (M1,M2.M3) has 
a full reflectance mode, at least one intermediate reflectance mode, and a tow reflectance mode, the 

•^5 reflectivity of said mirror varying as a function of an electrical signal applied thereto. 

19. A mirror system according to claim 18, which includes a power supply (705) including an intermediate 
reference voltage. 

50 20. A mirror system according to any preceding claim, wherein said second sensor means (404 or 504) is 
able to sense the glare causing light level once it has been attenuated by said first electrochromic 
mirror. 

21. A mirror system according to any preceding claim, wherein said sensed ambient light level electrical 
55 signai obtained from said first sensor means has a time response slower than the time response of said 
sensed glare causing light level electncal signal obtained from said second sensor means. 
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